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8. Bij de risiko-evaluatie van kankerverrvekkende stoffen dient de
nogelijkheid van het optreden van omstandigheden die het risiko kunnen
vergroten, zoals kombinatiebrootstellingen, nadrukkerijk te worden
betrokken.

Het zal pas in de konende tientarren jaren duiderijk worden of de
verandering rond 1950 van een rineaire naar een exponentiEre groei van
de wereld-prodrrktie van organische chemicaliEn een invloed heeft op de
kankersterfte in, met nane, de geindustriariseerde randen.

(DoII, R. en peto, R., J. Natl. Cancer Inst., GG: 1191_130g, L9g1)

10. Bij dierexperimenten net radioaktief gemerkte, toxische of
kankerververwekkende stoffen dient de veirigheid van het uitvoerend

" personeel op zijn minst zo goed te zijn gewaarborgd a1s het werzijn van de
gebruikte proefdieren. !.

lL. &zi.en de konstante toenale van graan-irylorten door 1anden in AziE, afrika
en zuid Anerika, duidt de grote afnarne van de wererd-graaovoorraad
gedurende de droogte in de zomer van 19gg in de v.s. er op dat de wererd_
voedservoorziening op het randje van instorten balanceert.

12. Het zonder neer vergerijken van werkroosheidscijfers in noord-west
europese tahaen net die in de v.s. is onjuist vanwege de grote verschirlen
in de rnethodologie van het verzamelen van de gegevens.

13. De wet op de ondernerningsraden laat, de O.R. in de kou staan.

14. @zien de opstelling van de nederrandse overheid ten aanzien van
bescherruing van het urilieu (bi.jvoorbeeld het stim.rleren van het
autoverkeer waardoor de zure regen problemat.iek eerder zal toenernen dan
afnenen), wekt haar passieve houding inzake het tegengaan van roken ter
bescherrring van de volksgezondheid geen verbazing.

stelringen behorende bij het proefschrift t'prostatic carcinogenesis. A New
Ilethod for rnduction of cancer in the Rat prostate: A Moder of Hunan
Prostatic Carcinogenesi s " .

Maarten Bos1and, 10 januari 19g9
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1. Het ontbreken van bewijs voor een positief verband tussen vetopnane en

borstkanker-risiko in patient-controle onderzoek en cohort studies duidt

mogelijk eerder op een niet-Iineariteit dan op de afwezigheid van een

dergelijk verband.

(Goodrdin, P.J. en aoyd, n.r., J. Natl. cancer Inst., 79: 473-485, 1987)

2. Onderzoek naar de relatie voeding en kanker dient aktief te worden

gestirmrleerd, onderneer door het verruimen van de beschikbare gelden voor

dit onderzoeksgebied.

3 Het is niet plausibel dat er een positief verband bestaat tussen de opnane

van vitamine A en/of F-caroteen en het ontstaan van prostaatkanker'

(Kolonel L.N. et a1., Cancer Res., 4?: 2982-2985, L9871

4. Het digitaal rectaal onderzoek is nog steeds de neest krachtige rnethode

voorhetvroegtijdigoPsPorenvanprostaatkankerbijdemens.
(Guinan, P. et aI. In: "Prostate cancer, Part A! Research, Endocrine

Treatrnent, and Histopathology, pp. 551-558, Liss, New York' 1987)

5. Het maken vdn een onderscheid tussen hlperplasie en neoplasie en tussen

benigrne en maligne tunoren uitsluitend op basis van het histologisch beeld

is zeer nuttig in de toxicologische pathologie ten behoeve van onderzoek

naar kankerverwekkende eigenschappen van chemische verbindingen.

5. Bij de verslaggeving van onderzoek waarin tumoren ontstaan in kleine

proefdieren dient, waar van toepassing, per tumor-t1pe en tumor-lokatie

zorrrel de incidentie als de nrultipliciteit (aantal tumoren per tumordragend

dier) en het totaal aantal tunoren Per testgroep te worden geleld, waarbii

het sreeste belang noet worden toegekend aan de incidentie en het minste'

belang aan de paraneter totaal aantal tumoren'

7. Oestradiol-17B rnoet worden beschor:rnd als een genotoxisch carcinogeen'
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INTRODUCTION

cancer of the prostate is one of the major malignancies in men j,n the
western world. rt is, after lung cancer, the second most common cause of
death due to cancer in countries such as the Netherlands and the USA. The

etiology of this disease is not known. A variety of environmental- factors, as
welL as endogenous, specifically endocrine, factors are thought to be involved
in the development of human prostatic cancer. Although hormonal therapy often
provides substantial, but temporary, relief, the disease is essentially in-
curabre j.n some 90t of the cases. prevention courd thus potentially be of
considerable value. The o1d age of most prostatic cancer cases creates par-
ticular opportunities for prevention, because delaying the onset of the dis-
ease could well result in a decrease of not only age-adjusted, but arso ab-
solute mortality for this disease. Therefore, information about the factors
that contribute to prostatic cancer risk would be of great value to estimate
the potential- value of preventive measures and to design strategies to control
risk enhancing environmental factors. However, reliable epidemiologic studies
into the etiology of prostatic cancer are very difficult as it is typically a
dj.sease of very oId age, and its latency time is estimated to be rather ]ong,
i.e., at least 25-30 years. An animar model suitable for the study of car-
cinogenesis of the prostate gland wouId, therefore, be of great value to
provide information that epidemiology cannot easily generate. such an animar
model was not available at the time that the research described in this dis-
sertation was initiated.

Based on the considerations summarized above, the following objectives
were forrmrlated for the research described in thi.s dissertation:

To develop and characterize an animal moder for the study of prostatic
carcinogenesis that is relevant for prostatic cancer in man (Chapters
II_VI ) .

1

2

-1-

To review the li.terature relevant to the possible role of environmental
factors in human prostatic carcinogenesis (Chapter l).



3. To generate data on the mechanisms of prostatic

animal model and to relate this information

(Chapters Ir, and rv-vrrr).

carcinogenesis i.n the

to the human situation

The studies conducted to accomplish these objectives are described in this

dissertation in chronological order, with the exception of chapter I that

anticipates on later chapters in developing a hypothesis of the etiopathogene-

sis of human prostatic cancer. Furthermore, Chapter I summarizes the litera-

ture on environmental factors in prostatic carcinogenesis. In Chapter II,

successful attempts to induce prostatic cancer in the rat are described, and

the characterization of the resutting carcinomas is detailed in Chapters III

and IV. Further studies to optimize prostatic carcinoma incidence in the

animal model developed are described in chapters v, vI, and vII. Aspects of

the mechanisms of chemical induction of prostatic carcinomas in the rat are

addressed in Chapter II and Chapters IV-VIII. The Chapters concerning ex-

perimental work are written in the format of publications, chapters II-VI
according to the instructions for authors of the journals to which they have

been or will be subrnitted, and chapters vII and VIII, because of the prelimi-

nary nature of the data presented, in the format of a short comm:nication' In

the Concl-uding Remarks, the major findings and conclusions of the various

studies are highlighted and put into perspective.

-2-



CIIAPTER T

THE ETIOPATHOGENESIS OF PROSTATIC CANCER

WITH SPECIAL REFERENCE TO ENVIRONI,IENTAL FACTORS

Maarten C. Bosland

I. INIRODUCTION

Prostatic cancer is one of the most commonly found hunan cancers in the
western wor1d. It is the second most frequent cause of death from cancer in
men in such countries as the united states, sweden, Germany and the Nether-
lands (Page and Asire, 1985). Prostatic cancer is characteristically a disease
of old age, i,e. it occurs primarily in men over 65-70 years of age (litandel
and schuman, 1980). The dj.sease is essentially incurable beyond stage B, and
only 10% of all cases have a life expectancy comparable to that of age-
matched men without prostatic cancer (Scott, 1993). Stil1 survival is rela_
tively good, and survj,val rates have actually improved from a 5-year survival
of 35-45% in 1950-1954 to 50-60% in 1965-1969 for all stages of the disease in
us whites (schuman and Mandel, 1980), This improvement may, however, be ar-
tificial, because incidence rates (in us whites) have increased, probably due
to better detection, whereas death rates have remained fairly stable as
recently pointed out by Cairns (1985) and Do11 and peto (19S1). Between l-970
and 1979, no further improvement of survival has occurred in the United States
(Page and Asire, L985), but more recently (1,97j-1,982) 5-year survival has im_
proved to some 70% (silverberg and Lubero, 1986). tong disease histories are a
common feature of prostatic cancer patients and many of them die from
intercurrent disease. only about 30? actually die of the disease (G]eason,
1977). Since the i.ntroduction of estrogen treatment by Huggins and associates
(Huggins and Hodges, 1941-; Huggins et ar., 1-941), no major improvements in
prostatic cancer therapy have occurred. Efforts to prolong survival by
chemotherapy have not (yet) resulted in major gains (Schmidt, 1983). The use

*
Reproduced with kind permission of Academic press, Inc.
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of antiandrogens, Such as clT)roterone acetate, has reduced some of the serious

side effects of estrogen therapy (Schroeder, l-984). Exiting new developments

are the use of agonists of gonadotropin releasing hormone (GnH-RH) as an al-

ternative for estrogen treatment or (chemical) castration (To1is et aI., 7982;

Wenderoth and Jacobi, L9B3) and the use of a combination of GnH-RH agonists

and an antj,androgen to achieve complete androgen withdrawal (Labrie et df.,

1983). !,thether these new treatments will result in improved survival- is stil1

unknown. Combinations of hormonal manipulation and chemotherapy may be more

promising but are still in an experimental phase (servadio, 1985).

Notwithstanding the importance of the disease, both in terms of mortality

and morbidity, the etiology of prostatic cancer is essentially r:nknown. Basic

research has led to a better understanding of the biology of the tumor, its

behavior, and especially its endocrinology (Griffiths et a1., L919). These re-

search efforts have resulted in improved diagrnostic and therapeutic proce-

dures, prolonging survival and improving the guality of life as pointed out

earlier. Little information on the etiology, however, has resulted from ex-

perinental studies. The epidemiology of the disease, on the other hand, has

provided a nunber of etiological cl"ues, implicating as probably irnportant fac-

tors those of dietary, Sexual, occupational, genetic and racial origin

(Bosland, 1985; Greenwald, 1982; Piscator, 1981; Schurnan and Mandel, 1980;

Rose, L9B6; Winkelstein and Ernster, L919),

The purpose of this article is 3-fo1d. First, the information available to

date pertinent to the possible roLe of environmental factors in the etiology

of hUnan prostatic cancer is reviewed in detail. Other recent reviews on

prostatic cancer etiology primarily dealt with epidemiological studies in

general (Greenwald, l-982; Mandel and Schuman, 1980; winkelstein and Ernster,

L97g) or focused on specific aspects of human prostatic carcinogenesis

(Bosland, 1985; Griffiths et aL., !979i Piscator, l-981; Reddy et df., 1980;

Rose, 1986; Schuman and Mandel, 1-980). An overview of the role of environmen-

tal factors in human prostatic carcinogenesiS as such has not been presented

efsewhere. Second, the evidence for an environmental etiology of prostatic

cancer is critically evaluated on the basis of epidemiological and experimen-

taI data from both human and animal- studies, and the importance of environmen-

ta1 factors in human prostatic carcinogenesis relative to that of other fac-

-4-



The first and major indications that environmental factors are involved in
prostatic carcinogenesis were derived from descriptive epidemiologj,c studies.
Therefore, the descriptive epidemiology of prostatic cancer is reviewed in
some depth. Then, animal systems that may be helpful in studying prostatic
carcinogenesis are briefly discussed. There foll-ows an extensive overview of
environmental factors in prostatic carcinogenesis thal are related to rife-
sty1e. Other environmental factors are summarized and discussed separately.
The involvement of the endocrine system in prostatic carcinogenesis is briefly
reviewed with enphasis on studies in healthy populations that differ in risk
for prostati.c cancer and on animal studies, Fina11y, an attempt is made to in-
tegrate all this information and to develop a hypothesis of the
etiopathogenesis of human prostatic cancer,

II. DESCRIPTIVE EPIDEMIOLOGY

A. GEOGRAPHIC VARIATION

The mortality and incj-dence of cancer of the prostate shows considerable
variation worldwide (Segi, 1,978, L98L; Waterhouse et al. I j_976, 1,9821. Rates
are generally high in the United States, Canada and countries in northwestern
Europe. Lovrer rates are found in eastern and southern Europe, and in some

Asiatic and most South American countries. Extremely 1ow rates are found in
Japan and some Central American and southeast Asiatic countries. The limited
data from Africa j.ndicate that prostatic cancer is infrequent in Black popula-
tions in this continent (Kovi and Heshmat, t9i3; Bradshaw and Harington,
1981). However, very recent data indicate that Black rates in some African
countries are higher than was previously assumed (parkin, 1986). rn tables r
and rr, these intriguing differences are illustrated. rn general, rates are
higher in countries with a high degree of economic development and affluence
and lower in less developed countries. There are, however, important excep-
tions. Rates are extremely Iow in Japan (Tables r and rr), a highly developed
country. Another example is the Caribbean, where countries such as Martinique,

-5-

tors is estimated. Third, an attempt is made to develop an etiorogicar hypo-
thesis of human prostatic carcinogenesis and to identify prornising areas for
future research efforts to further elucidate the etiopathogenesis of prostatic
cancer in man.



rrinidad-Tobago, cuba and Barbados exhibit death rates that are egual to or

higher than those in the United States, while the Dominican Republic, Jamaica

and Puerto Rico Show distinctly fower rates (Correa and Londono, L982i

Hamilton and Persaud, \98L; segi, 1978, 1981; Waterhouse et aJ.., 1916,1982).

Still, all these Caribbean islands are less affluent than the United States.

TABLE I. Age-Adjusted Death Rates for Cancer of the Prostate in
Different Countries and Geographic Areas

Death ratesa

Country/area 1973 L9"t6

Switzerland
Sweden
Norway
F.R. Germany
Netherlands
France
Hungary
United States
Cuba
rinland
Canada
Trinidad and Tobago
Denmark
England and Wales
Chile
Spain
Puerto Rico
Venezuela
Paragiuay
Poland
Romania
Costa Rica
Yugoslavia
Greece
Bulgaria
Dominican Republic
Mexico
Ecuador
Japan

19. 84
19.53
15.41
1-4.1 4

18.73
21.03

l-4.50
1-4.41
L4.23
14.18
14.13
L3.94
13.65
L3.42
13.15
l_1.53
11-.43
11.38
10.85
9.16
9.20
8.00
'1.92

7.65
7.10
6.90
5.99
5.73
5.07
4.82
2.tB

19.33
15.28
16.15
14. 83
15.43
14.50

13.43

13.66
11.98
1l-.45
1,2.48

t1-.24
8. 81
B.3l_
8.12
9.58
9.20
6.1't

l_9'

2.28

Rates per 100,000, adjusted to "wor1d population".
From Segi (1978, 19Bl-).

-6-
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TABLE rr. Age-Adjusted rncidence Rates for cancer of the prostate
in Different Countries and Geographic Areas

aInclclence

Country/area t96B-12 1,973-17

Switzerland (Geneva)
Sweden
Norvray

Urban
Rural

F.R. cermany (Hamburg)
France (Bas-rhin)

Urban (Bas-rhin)
Rural (Bas-rhin)

Hungary (Szabolcs)
Urban (Szabolcs)
Rural (Szabolcs)

Orba
Finland

Urban
Rural

Canada (Alberta)
Denmark
England & Wales (N. western)

Urban (N. Western)
Rural (N. Western)

Spain ( Zaragozal
Urban (Zaragoza)
Rural (Zaragoza)

Puerto Rico
Jamaica (Kingston)
PoIand

Urban (Warsaw, City)
Rural (Warsaw, Rural)

Yugoslavia (Slovenia)
Japan (Osaka)
Japan (Miyagi)

29.9
38.8
33.1
36.3
31.0
))o

36.3
44.4
38.9
42.4
36.4
28.5
23.0
25.7
,no
10.1
8.9

L0.4
L9.9
27.2
32.1
23.2
38.1
23.6
L9.2
20.8
12.8
20.7
22.3
1,9.2
25.0
28.6

9.1

t-8.0
22.7

32.4
23.0

1,7 .1

2L.4
20.1

14.6
9.4

16. B

2.7
2.7

15
11
15

3
4

6
7
B

4

9

a Rat"s per L00,000, adjusted to ,,wor1d popuIation,,.
h From Waterhouse et al. (L916, 1982).- The areas for which the incidence rates are presented aregiven in parentheses,

-1-



aIncrdence

TABLEIII.age-AdjustedlncidenceofProstaticCancerinDifferent
Ethnic Groups in Various Regions of the United States

Location 1968-L912 t973-1917

Bay Area (San Francisco-Oakland, CA)

white
Black
Chinese
Japanese

New Mexico
Hispanic
Other White
American rndian

Detroit
White
BIack

Hawaii
Hawaiian
White
Chinese
Eilipino
Japanese

44
17
1B
t2

34
50
21

36.1
61.t

l_9. B

42.3
r-7 .8
14.0
24.6

6
0

2

7

4

1
5

47 .4
92.2
18.6

41.4
13.2

38.
54.
31.

42.
59.
1tr

30.
35.

7
6
't

5
7
8
5
9

a Rat"s per 100,000, adjusted to "worId population"' rrom waterhouse

et aI . (L9'76, t9B2)

Differences in medical care, diagnostic procedures, and registration are

generally considered to be responsible for only a minor part of the reported

geographical differences (I{ande1 and schuman, 1980; Waterhouse et al., L9B2)'

Differences in life expectancy are not important since all comparisons are

basedonage-adjusteddata.Geographica]-differencesinmortalityparallel
those in incidence in general (Tables I and II). Therefore, differences in

survival between areas do not account for the geographical variation'

B. MIGRAI'IT STUDIES

Large-scale migration from Iow-risk to high-risk areas, in particular from

Asiatic and eastern European countries to the united states, has created a

unigue natural experiment. t{ortality and morbi.dity patterns in these mi'grant

-B-



TABLE rv. Age-Adjusted rncidence of prostatic Cancer for Native Japanese,
Japanese Migrants in Hawaii, and Hawaiian Caucasians

aIncldenee

L962-1964 1912-L973

Japanese in Japan

Japanese in Hawaii

Caucasians in Hawaii

3.1

11. B

27.4

3.8

21.5

30.1

a Rat"s per 100,000, adjusted to ',wor1d popu1ati.on,,, From [fynder and
Hirayama (1917)

populations can be compared with those of the populations of their homeland
and their host country. Thus, it is possible to discriminate between environ-
mentar and genetic factors in the etiology of the disease (Lilienfeld et df.,
L9B0). Among all populations that have migrated from a Low-risk area to the
United States death and incj.dence rates are significantly higher than in their
homelands. However, these rates are with no exception slightly to narkedly
lower than the rates found in native us whi.tes (Fraumeni and rlason, t9i4;
Haenszel and Kurihara, 1968; Kolone1, 1980; Lirienfeld et aI. , 1972; Mandel
and schuman, 1980; staszewski and Haenszet, 1,965; waterhouse et dl., Lgi6,
1982). This is true for eastern European caucasians as well as for Japanese
and Chinese nigrants (Tables III and IV).

Prostatic cancer mortality rates among United States-born Chinese (King
and Haenszel, L973) and Japanese (Thomas, lg7g), as werr as incidence in
united states-born Mexicans (Menck et al. , 1,915; Thomas, 1979) seem higher
than for their foreigrn-born counterparts, but still somewhaL lower than the
rates for US whj,tes. More recent data confirm this pattern for Chinese mi-
grants (King and Locke, 1980) but show an opposite pattern for Japanese mi-
grants (Locke and King, 1980). These data, however, are based on too few cases
to be fu11y reliabre. Nevertheless, this phenomenon may be the cause of the
mrch more pronounced increase over time of incidence rates among Japanese in
Hawaii in comparison with those among caucasians in that part of the united
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states (Table IV) (Wlmder and Hirayama, L911 ). Over time, an increasing pro-

portion of Japanese born in Hawaii is contributing to these mortality figures.

Interestingly, immigrants from sweden have a rj-sk that is egual to that of

native US Whites (Tables l-rrr), whereas Swedish men j'n Sweden are at higher

risk (Lilienfeld et dI., L912). Apparently, in migrants from both 1ow- and

high-risk areas adaptation occurs to the risk for prostatic cancer that is

prevalent in their new environment.

C. RACIAL DIFFERE}iCES

Mortality and morbidity patterns in different ethnic groups in the United

States have been Studied more extensively than in any other "melting pot"

country. In comparison with caucasians Iiving in the united states, sig-

nificantly lower death and incidence rates are found among almost all ethnic

minorities, e.g. American Indians, Alaskan natives, Mexicans, Japanese,

chinese, Polynesians and Filipinos (tabfes III and IV) (Fralmeni and Mason,

1914; Haenszel and Kurihara, 1958; King and Haenszel, 1-913i Kolonel' 19BC;

Mandel and Schuman, l-980; Menck et a],, 1975; Thomas, 1979; Waterhouse et aI.,

1,976, L982; In\mder and Hirayama, L911 ).

Black men in the United states, however, have a considerably higher risk

for prostatic cancer than us whites (Kovi and Heshmat, 1973; Mettlin and

Natarajan, 1983; Schurnan and Mandel, 1980). Incldence and mortality is higher

in Blacks than in Vlhites in all states and counties studied in the United

states, with the exception of the Rocky Mountain region (Hoover et aI. , 7915i

l,ilienfeld et al., 1912; Schuman and Mandel, 19BO). Area-to-area variation in

incidence in the United States is more pronor:nced for Blacks than for Whites

and does not clearly correlate between the two populations (Hoover et aI',

19?5; Schuman and Mandel, 19BO). Age at diagnosis is approximately the same in

Blacks and Vlhites. The stage of the disease at the time of diagrnosis, however,

is more advanced in black patients than in white men in the United States

(Levine and wilchinsky, 1979; Mettlin and Natarajan, 1983; Schuman and Mandel,

1980). Lower S-year survival rates have generally been found for black than

for white patients, particularly for stages B and C of the disease (Oayal et

a1., 1985; Mettlin and Natarajan, 1983; Schuman and Mandel, 1980). However, no

differences in survival rates have also been reported (Levine and Wilchinsky,
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7979; Page and Kuntz, 1980). Mettlin and Natarajan (1983) show that there are
no differences in the diagnostic and therapeutic procedures used for black and

white patients. on the basis of these findings and of the fact that brack
patients usually have a more advanced stage of the disease at the time of
diagnosis, Mettlin and Natarajan suggest that differences in accessibility of
nedical services are responsible for the dj-fferences in survival. Dayal and

co-workers (1985) investi,gated differences j.n survival between Blacks and

Whites in reLatj,on to differences in socioeconomic status, using the 1eve1 of
education as criterion. They found that the l-ower survival and the more ad-
vanced stage at diagnosis in Bl-acks was significantly correlated with lower
socioeconomic status. They also found that once socioeconomic status was taken
into account, there were no racial differences in survival. Data from a study
in black and white prostatic cancer patients from the us veterans Admini-
stration cancer registry (page and Kuntz, 1980) corroborate the latter
observation (Page, 1986). The lower accessibility of medical services for
Blacks may be causally related to these findings as suggested by Mettlin and

Natarajan (1983).

rnterestingly, for Blacks living in Africar incidence and mortarity are
very low in comparison with those for US Blacks (Bradshaw and Harington, 198L;
Hutt, 1981; Jackson et a1., L915,1977; Kovi and Heshmat, L973i Schuman and
Mandel, 1980; Waterhouse et al., 3-916, 7982). Recent data, however, suggest
that there is considerabl,e variation in prostatic cancer mortality rates among

various black African populations (parkin, 1986). Further research is needed
to fu1ly establish prostatic cancer rates in African Blacks. On some of the
caribbean isl-ands with a large black population cancer of the prostate is the
leading cause of death due to cancer (Hamilton and persaud, 1981). rn Jamai.ca

and most other caribbean isrands approximately 65% of the population is of
African origin and about 302 of mixed race (Hamirton and persaud, 1981). rn
Trinidad-Tobago 40% of the popuration is of African descent and 40% from the
East rndies, whereas the Domj.nican Republic, c\rba and puerto Rico have only
small black populations (Hanilton and persaud, 1981). As poj.nted out earlier,
prostate cancer mortality and/or incidence rates are higher than those in the
uni.ted states on some of these islands but lower on others (correa and

Londono, 1982; Hamilton and persaud, 1981_; Segi, 1981). There seems, however,
not to be a relatj.on between prostatic cancer rates and the percentage of the
population that is black on these islands.
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D. GEOGRAPHIC PATI{OLOGY OF I,ATENII CARCINOMA OE THE PROSTATE

In remarkably high frequency, careful histological exarnination reveals

carcinoma of the prostate in tissue from routine autopsies and in surgical

specimens from patients with benign hyperplasia of the prostate upon (Hirst

and Bergman, l-954; Lundberg and Berge, 1970; sheldon et aI., l-980; Tannenbaum,

1977; whitmore, 1963). Its prevafence can be as high as B0? in men of B0 years

and over, but the rates are heavily influenced by the extensiveness of the

histological examination (Hirst and Bergman, 1954i Lundberg and Berge, L970).

The occurrence of latent prostatic cancer is roughly 1000 times higher than

that of clinical cancer of the prostate in western countries (Breslow et aI.,
1977; T\rlinius, 1982i Yatani et aI. , t9B2). Latent prostate cancer cannot be

detected clinically and is asymptomatic (Sheldon et af., 1980). It is com-

parable to stage A disease and should be distinguished from occult prostatic

cancer, whj,ch is basically Stage D disease, in which only the metastases can

be detected clinically but not the primary tumor (sheldon et aI., 1980).

Akazaki and Stemmermann (1973) were the first to study the freguency of

latent prostatic cancer in populations at different risk for clinical prostate

cancer: Japanese li.ving in Japan (239 autopsies) and in Hawaii (158 autoP-

sies). The prevalence of latent cancer was about egual in the two populations,

being slightly higher in Japanese in Hawaii than in Japanese in Japan (Table

V). Latent cancers with a high degree of atypia and more exlensive invasive

TABLE V Age-Adjusted Prevalence of Latent Carcinoma of the Prostate in

Japanese in Japan and Japanese in Hawaiia

Prevalence ( % )

Number of
Autopsies

AlI latent
cancers

Proliferative
tYPe

Nonproli ferative
type

Japanese in Japan

Japanese in Hawaii

239

158

20.5

26.1

8.1

1,9.1

11. B

7.6

a Prevalence rates (?) are adjusted to the age distribution of the two
populations together; adapted from Akazakj. and Stenunermann (1973).
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growth (proliferative type, or LIT, latent infiltrative type) were distin-
guished from trmors with litt1e atypia and little invasion (nonproliferative
type, or LNT, latent noninfiltrative type). The prevalence of the prolifera-
tive type was significantly (P < 0.05; test not indicated) higher in the
Japanese living in Hawaii, but the nonproliferative type occurred at slightly
higher rates in Japanese in Japan (Table V). No differences were found in the
size of the lesions between the two populations.

B1ack (201 autopsies) and Whites (293 autopsies) from New Orleans,
Louisiana were compared with regard to the freguency of latent cancer by

Guileyardo et a1. (l-980). The Bl-acks to l4hites ratio for the incidence rates
of clinical prostatic cancer in New Orfeans is about 1.8. In this study, LNI

and LIT tumors were also distinguished, as well as the size of the tumors, and

the age of the cases was taken into account. The prevalence of LM and LIT
trnnors together was similar in the two populations (Table VI). Blacks had a

somewhat higher freguency of LIT tumors than Whites. This difference was sta-
tistically sigrnificant for the 60- to 69-year age group. LNT tumors tended to

TABLE VI Crude Prevalence and Mean Size of Latent Prostatic Cancer in
BLacks and Whites in New Orleansa

Prevalence ( ? ) size (cm2)

Number of
Autopsies

A11 latent
cancers

LIT
tumors

LI{I
tumors

tIT
timors

LI$I
tumors

Blacks:
all ages

60-69 years

Whites:
all ages

60-69 years

207

64

31.4

34.4

29.0

31.5

19. B

2L.gc

1,4.7

11".2

1,1.6

1,2.5

L
5.40" 0.38

2.99 0.40293

98

14.3

20.3

a
b
c

Adapted fron Guileyardo et al. (1980).
P=0.08 for differences with value for Whites
P<0.05 for differences with value for whites

)
L) -test).

-test).
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occur less freguently in Blacks than in Whi.tes, especially in the 60- to 69-

year age group, but their size was equal in both racial groups (Table Vr). The

size of LIT tumors in Blacks was larger than in Whites, but this difference

was not statistically sigrnificant (Tab1e VI). When size was plotted against

age, this size difference seemed to be due to the presence of a subgroup of
large LIT tumors in Blacks that was not present in lrihites of comparable age.

Breslow and co-workers (1977) studied the frequency and morphological

characteristics of latent prostatic cancer at autopsy (a total of 1327

autopsies) in seven areas that differed i.n the risk for clinical prostatic

cancer (Tab1e VII): Singapore, Hong Kong, Uganda, Israel, Jamaica, Eederal

Republic of Germany, and Sweden. They distinquished INT from LIT tumors and

srnall from large tumors. With increasing risk for clinical prostatic cancer

among these populations, the prevalence of latent carcinoma increased sig-
nificantly (P < 0.05; logistic regression analysis), as did the frequency of
large latent trrnors and of infi.Itrative tumors (Table VII). The differences

for the j-ncidence of clinical cancer, however, were rmrch greater than those

for the occurrence of the latent tumors (Table vII)' The freguency of

noninfiltrative tumors and particularly of small tumors, on the other hand,

did not differ as mlch from area to area as did the frequency of LIT and large

tumors.

More recently, Yatani et aI. (1982) reported on l-atent prostatic cancer in
five other populations (a total of 1606 autopsies): US Blacks, US Whites,

Colombians, Japanese in Hawaii and Japanese living in Japan, thus combining

the scopes of the three studies just reviewed. Also j.n this study, with in-
creasing risk for clinical cancer, the prevalence of latent prostatic cancer

and that of LIT tumors increased sigrnificantly, and the size of LIT tumors

also tended to be somewhat larger (Table VIII), The occurrence of LNT tumors

and thei.r size was about equal among the five populations (Table VIII).

Results from an incompletely reported autopsy study by Jackson and co-

workers (1911 ) among Blacks in Washington, D.C. (249 autopsies), and Ibadan,

Nigeria (243 autopsies) show an egual rate of latent carcinoma and a higher

incidence of invasive cancer in the prostates of Americans than in those of

Africans,
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rt is important to note that in most of the studies summarized earlier,
standardized step sections of each prostate were examined by in most studies
a team of pathologists, using standardized norphological criteria. Further-
more, all comparisons were based on age-adjusted data, ruling out differences
in life expectancy and age at diagnosis as confounding factors.

rn suunary, the prevalence of latent carcinoma of the prostate appears to
be somewhat higher in populations at high risk for clinical prostatic cancer
than in low risk populations. This situation appears to be due to the fact
that the prevalence of infiltratively growing, large latent tumors is clearly
higher in these high-risk populations. Noninfiltrative, smaller tumors occur
equally or even slightly less freguently in high-risk popurations than i.n 1ow-
risk groups.

It is attractive to hypothesize that the factors responsible for dif-
ferences in prostatic cancer risk act primariLy at the phase of progression
from sma11, noninfiltrative tunor to larger, infirtratively growing cancer
(Akazaki and stemmermann, 1973). This view presupposes the assumption that LNr
lesions are precursors of LIT tumors. Whether this is true is not known and

difficult to investigate. Sone support for this assumption can be derived from
the finding in some studies (Akazaki and sterunermann, 1973; Guileyardo et aI.,
1980) that, while the prevalence of LrT tumors increases with increasing risk
for clinical prostate cancer, the prevalence of LIrl'T lesions seems to decrease.
On the other hand, LIrIf and LIT tumors could represent different biological en-
tities. or only a certain proportion of the LNT lesions, rnorphologically in-
distinguishable from other Livf lesions, could be precursors for LrT lesions.
The finding of a subset of Lrr l-esions in us Blacks that are appreciably
larger than those found in us whites could point to a certain proportion of
the Lrr l-esions in high risk populations that have a high potentiar for ag-
gressi.ve and fast growth (Guileyardo et al., 1980). Fina11y, the significance
of LrT tumors for the development of clinically detectable prostatic car-
cinomas is not cl-ear" Clinical cancer can arise from LIT lesions but may also
develop as a separate process, strong support for the former, however, comes

from the comparable geographical variation in the occurrence of crinical
cancer and the prevalence of Iarge, infiltrative latent tumors (Akazaki and

Stemmermann, L913; Breslow et a1. , 1917; Guileyardo et aI., 1980; yatani et
a1 ., l-982).
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E. SPECIAL POPTJI.ATIONS

Cancer patterns in populations that differ in life-sty1e from populations

living in the sane area may provide useful information on etj.ological factors.

In this respect, Seventh Day Adventists (SDA) in California and Iulormons (the

Church of Jesus Christ of Latter Day Saints, LDS) in Utah have been inves-

tigated extensively. Both groups have rather strict Iife-style rules and

habits (Lyon et al., 1980a; rhi11ips, 1975).

In the initial study by Phillips (1975), covering cancer mortality in

Cal-ifornian SDA and non-SDA in the period 1958 to 1965, standardized mortality

ratios (StitR) were found for prostatic cancer in SDA that varied from 65 to 81,

depending on the population used for comparison with and the type of adjust-

ments made. rn later studies (Phi1lips et al., 1980a,b) over the periods 1960

to 1965 and 1"960 Lo t912 or !916, nortality ratios (see Phillips et al., 1980)

of o.B3 and 0.87-0.91, respectively were reported, comparing sDA and non-sDA

rates in California with overalt US Whites' rates. In comparison with non-SDA

Californians, mortality ratj-os of 1.06 and 0,92-1.03 were found, respectively.

In Danish SDA, the standardized incidence ratio (SIR) for prostatic cancer was

106 using the Copenhagen male population as reference (Jensen, 1983). Thus,

prostatic cancer mortatity anong SDA is equal to that in the general popula-

tion or slightly l-ower.

Lyon and co-workers (1916,1980a,b) studied LDS in Utah. In LDs they found

an SIR for prostatic cancer of 111-, compared with the Third National Cancer

Survey (TIJCS), and SIRS of 108 for urbanized areas and 111 for ruraf regions.

These ratios were slightly but significantly higher (P < 0.01, P < 0.05, and P

< 0.01, respectively) than those for US Whites (TIJCS). Interestingly, non-LDS

Utah males showed an SIR of 90 (not significantly different from T\ICS data)

and an SIR of 1.45 in urban areas (P < 0.01, when compared to US I4hites in the

TI{CS) and a rural SrR of 98. The difference in SrR between LDS (111-) and non-

LDS (90) was statistically significant (P = 0.002). The rural-urban difference

was sigrnificant (p = 0.03) for non-LDS but not for LDS. Urban SIRs for non-LDS

and LDS were different (P < 0.01), whereas rural SIRs did not differ sig-

nificantly. Taken together, Utah LDS exhibit an excess incidence of prostatic

cancer over the US white male population, rural non-LDS in Utah do not, and

urban non-LDS in Utah have an increased risk compared with that of both all US

-18-



white men and urban and rural LDS in utah. Enstrom (1980a,b) studied prostatic
cancer mortality among active LDS in California and Utah and foqnd SI{Rs of 79

and 105-107, respectively, in comparison wj.th the total us white male popula-
tion. Active and nonactive californian LDs taken together had an stm of 75-71.

rn concl-usion, both sDA and LDS mafes may have somewhat rower prostate
cancer rates than the average male population in cerLain regions of the United
states but not in others, and LDs may even show slightly higher rates in some

regions. Overa1I, no marked differences in prostatic cancer risk are apparent
between LDS, SDA and the total US white male population.

F. SOCIOECONOMIC STATUS

Socioeconomic status may be associated with a number of different environ-
mentaf variables. A relation of cancer mortality or incidence with socioeco-
nomic status may therefore suggest that any of these variables are important
(Lilienfeld et aI., 1980; Mandel and schuman, 19Bo). The reliability of such
studies, however, may be severely influenced by a number of factors such as

accessibility of medical- care, accuracy of death certificates, and the method
of assessment of socioeconomic status. Ernster et al. (1978a), Logan (1982)
and Mandel and Schuman (1980) have summarized information on the relationship
between prostatic cancer and socioeconomic status. Mandel and Schuman (1980)
concLuded that when occupation, as indicated on the death certificate, or area
of residence were taken as an index of socioeconomic status, death rates
appeared to be slightly to markedly higher in higher socioeconomic classes
than in l-ower. when some measure of education or income was used, however, the
rates tended to be higher in the groups with lower socioeconomic status. On

the other hand, Ernster et al. (1978a) did not find any relation with social
class, as defined by the Ieve1 of education in the census tract of residence,
for prostatic cancer mortality and incidence in both whj.tes and Blacks in
California. They concluded from their resufts and those of other studies they
reviewed that there is no consistent association between prostatic cancer and

socioeconomic status. This conclusion is rather significant, given the
considerabLe variation arnong the studies that Ernster and co-workers (1978a)

reviewed, for the definition of socioeconomic status, racial groupings and the
time periods covered. Logan (1982) reported that in Britain a shift has
occurred between 1911 and 1917 for the relation between prostatic cancer

-19-



mortality and socioeconomic status, as defined by occupation. In 1911 there

was a gradient from low to high mortality, going from the lowest (unskilled

worker) to the highest (professj-ona1) c1ass. In L93l-, there was no such

gradient, and in 1971, the gradient had reversed. This finding indicates that

differences in the time period studied may well be responsibl-e for some of the

inconsistencies between studies found by Ernster et aI. (1978a). Non-British

studies reviewed by Logan (1982) also indicate inconsistent results. In some

studies in the United States there are indications that prosLatic cancer risk
is higher arnong men that are coflege educated or higher or who are profes-

sionals/managers (Jackson et aI., 1981; Lilienfeld et a1., 1,972i Ross et a1.,

1979, 1983). Although there is no consistency for this association (Ernster et

d1., 1978a; Krain, 1914; liynder et al-, 1911), it is the only one that has

appeared with some regularity in the literature.

In conclusion, in some populations associations may be present between

prostatic cancer risk and certain indicators of socioeconomic status during

certain time periods, such as the higher risk reported among highly educated

men in the United States in the past few decades. Overall, however, in Western

countries there is no consistent relationship between socioeconomic status and

prostatic cancer mortality or incidence, probably irrespective of race.

G. URBAN-RI,JRAL DIF'TERE}TCES

There is a worldwide, though not fu]1y consistent, tendency for popula-

tions of urban areas to show higher prostatic cancer rates than populations of

rural regions (Tab1e II) (Mandel and Schuman, 1980; Waterhouse et df., 1916,

l-982). This difference is generally not present in the United States total or

white male population (Blair and Fraumeni, l97B; Hoover et al., 1975; King et

dI., 1963; Lilienfeld et aI., L972; Mandel and Schuman, 1980). Levin and co-

workers (1960), on the other hand, reported a slight excess incidence in urban

over rural areas in three states in the United States. This study was based on

data from 1949 to 1951, whereas the other United States studies are more

recent. There seems to be, however, a consistent excess prostatic cancer mor-

tality rate in US Blacks living in urban areas (Blair and Fraumeni, 1"978; King

et a1., 1963; schuman and Mandel, 1980). A1so, in the non-Mormon (white) utah

population a distinct urban excess in incidence has been reported, whereas in
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Utah Mormons there is no such difference (Lyon et al., 1980a,b). The relia-
bility of urban-rural differences may be influenced by factors such as

availability and quality of medi.cal care and the accuracy of death certifi-
cates. Nevertheless, a high degree of urbanization is posi.tively associated
with prostatic cancer risk in nrany geographical areas. In the United States,
however, this association has only been found for glacks and, with some excelF
tions, not generally for WhiLes.

H. TIME TRM{DS, AI\TD COHORT AND AGE EFFECTS

Worldwide age-specific and age-adjusted prostatic cancer death rates and

incidence figures have, with only very few exceptions, increased over time,
and there is a tendency for the disease to occur at a l-ater age (titandel and

Schuman, 1980). This shift is even apparent over relatively short tirne inter-
vals (Tables I, II and IV) (Segi, 1978, 1,981,; Waterhouse et aI., L976, l9B2;
wlrnder and Hirayama, L917 ). Noteworthy in this respect are prostatic cancer
rates in US B1acks (Schuman and Mandel, 1980). Black death rates were aF>-

proximately 60? of white death rates in 1930. They increased steadily, but
more than the rates in US white men, crossing white death rates between 1945

and 1950, and reaching a black:white ratio of L.B in about 1970 (Correa and

Londono, l9B2i Schuman and Mandel, 1980). The change in death rate for the
1930-1974 period hras about 34t for Wtrites and a dramalrc 322v, for black men.

Differences in survivaL or accessibiJ-ity of medical care cannot explain this
huge Black-white difference (Mettli.n and Natarajan, 1-983; schuman and Mandel,
1980). Another interesting group is the native Japanese population. prostatic
cancer rates have considerably increased in this population in recent years
(Tables II and III) (Waterhouse et a]-., 1976, 1982; Wlmder and Hirayama,
t9'17 ) .

Prostatic cancer is characteristically a disease of oId age, more so than
any other type of cancer (Waterhouse et a1., L916, l992l. A1so, its incidence
increases more rapidly with age than any other cancer (cook et a1., L969).
Notwithstanding the very large geographical and racial differences in mor-

tality and morbidity, the age-specific incidence and mortality curves of
populations that differ in prostatic cancer risk are remarkably pararlel
(Waterhouse et al., 7916, 1982; Mandel and Schuman, 1980; Ross et aI., 1983).
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Only a few studies have examined trends in relation to birth cohorts. Only

trends in mortali,ty for successive birth cohorts have been reported. In most

populations studied mortality rates increased for cohorts born just before the

end of the last century (Gordon et al., I96Li Holman et a1., 1981). Not in all
studies, however, have such cohort effects been found (Mandel and Schuman,

1980). Most interesting is the finding of Ernster and co-workers (1978b) of

peak mortality rates for non-Whites (mainly B1acks) of the bj-rth cohort of

1896-1900, and declining rates for later cohorts. They speculate that the ex-

cess mortality among Blacks as compared with that among Whites will eventually

lessen if this declining trend continues. Conseguently, the explanation for

the high Black:White prostatic cancer ratio should be investigated in the

birth cohorts from the turn of the century (Ernster et aI., 1978b), not-

withstandinq the dj.fficulties in doing so (Schuman and Mandel, 1980). A

similar decrease in birth cohorts born after 1900 has been observed in Italy
(La Rosa et a1., 1985).

In sunmary, age-adjusted prostatic cancer rates have increased worldwide

over the past 50 years in most, if not all, populations. Mortality rates seem

to have increased for cohorts born just before the end of the nineteenth cen-

tury, and to have decreased since, particularly in US Blacks.

I. CORREI,ATIONS WIITI OTHER SITES AI'ID MULTIPLE PRIMARY I\JMORS

The geographical patterns in the occurrence of prostatic cancer parallel

those af, alnong others, female breast cancer and cofon cancer in both sexes

(segi,19?B,19Bl-;Waterhouseetal.,!916,1982).Onaninternati,onalbasis,
mortality (Schrauzer, 1916a; Wynder et al., 'J.961) and incidence (Berg, 1975)

for colon and breast cancer correlate very well with those for prostatic

cancer. A1so, migrant studies reveal similar trends for these three sites, and

comparable patterns are forlnd among most ethnic minorities in the United

States for breast and prostate cancer, but not so much for colon cancer

(Fraumeni and Mason, 1914; Haenszel and Kurihara, 1,968; staszewski and

Haenszel, 1965; Thomas, 19':.9) - There are, however, important exceptions to

this general pattern. In Hawaii, Caucasians have twice the prostate cancer in-
cidence of the other ethnic groups, whereas Hawaiian natives have breast

Cancer rates egual to thOSe of Caucasians, but lower colon cancer rates

(Kolonel et d1., 1981b; Menck and Henderson, 1985). Chinese and Japanese in
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Hawaii have lower breast (females) and prostate cancer rates than Caucasians,
but equal. colon cancer rates (both sexes). Filipinos in Hawaii, however, have
Lower rates than caucasians for all three sites. rn us aracks col,on and
breast cancer occur as frequently as in us whites or slightly less frequently,
even though Blacks are at twice the risk for prostatic cancer (White et dI.,
1981). Breast and, in particular, colon cancer rates are clearly rower in
californian sDA (mortality) and utah LDs (incidence) than in the general us
white population, while this is not true for prostate cancer (Lyon et a1,,
19B0a,b; ehillips et a1., 19B0a,b). Finally, an interesting correl"ation has
been reported between prostate cancer and mal-e breast cancer based on interna-
tionaL incidence data (Sobin and Sherif, 19BO).

Prostatic cancer patients are likery to have a second primary tumor
slightly more than expected (Lynch et al. , 1966i Schoenberg, 1975). Speci_
fica]Iy, bladder cancer and leukemia have been reported to occur signi.ficantly
more often than expected, both before and after the diagnosis of prostatic
cancer has been made (Greene and wilson, 1gB5; Jensen et al., 1gB5; Kantor and
Mcl,aughlin, 1985; Kleinerman et aI., 1985; osterrind et ar., 19g5; storm and
Prener, 1985; VfrTnder et dl., L9]-l). Liskow et al-. (19S7) reported from a
cohort study that us black prostatic cancer cases were more like1y than expec-
ted to have bladder cancer as a second pri.mary cancer, while l4hites were more
like1y to have leukemia as a second primary. Black and white cases combined
were more 1ike1y to have col0n cancer as a second primary. Because most of
these relationships are bidirectional, a common ri-sk factor may be present
(Kleinerman et dl., 1985). The observed:expected ratios in these studies,
however, are not very high and the bidirectionality is not completely consis-
tently.

J. REI.A,TIONSHIPS wITtI BE}IIGI\I PRoSTATIC HTPERPI.ASIA AND PRoSTATITIS

1 Prostatic Hype rplasia

A number of investigators and clinicians have speculated in the past that
a relation may exist between prostatic cancer and benign hyperplasia of the
prostate (BHP) (Mandel and schuman, 1gg0; Rotkin, 1gg3; lrffnder et aI. , Lg71).
rt has been suggested that the benign disease is a precursor of the carcinoma,
or that both processes have a sinilar etiorogy. There have only been two
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studies in which an attempt was made to address this question in a systematic

manner (Armenian et aI. , L914; Greenwald et df', L914bl ' Armenian and co-

workers(1974)foundthatBHPpatientswereathigherriskforprostatic
cancer than controls in a fo1Iow-up mortality study on 338 cases of BHP,

initialJ-y free of prostatic cancer. of these, 296 were followed for the dura-

tion of the study, and 23? of them died during the folIow-up period. Thirty-

five of these 237 men died of prostatic cancer. controls, matched for age and

year of admission, were initially clinically free of BHP or prostatic cancer'

of the 299 controls, 258 died, 10 of them of prostatic cancer. The age-

adjusted death rate per 1000 person-years of folfow-up from prostatic cancer

was 3.1 times higher in BHP cases than in the control group. To adjust for

prostatic cancers that were present at the time of BHP diagnosis or selection

as control but not clinically recognized, they did not include prostatic

cancer cases that were found during the first 6 years. The relative risk for

developing prostatic cancer in BHP patients (<20 cases, exact number not

presented) as cornpared with that in controls (<9 cases, exact number not

given) was 2.1 (P < o.o5). A part of the patients had (probably subtotal)

prostatectomies, which may have influenced the results. Therefore these BHP

cases(N=1.7)weredistinguishedfrornpatientswhodidnotundergothis
treatment (N = 229). The death rate among the prostatectomized men (5.1/1000

person-years) was substantially lower than that among the other BHP patients

(11.3), but still higher than that of controls (2'1) '

Greenwald and co-workers (1974b) followed a cohort of B3B BHP cases for an

average of 10.7 years and did not find a higher risk for prostatic cancer in

these patients. They studied incidence and found 24 prostatic cancer cases

among BHp cases and 26 cases in 802 controls matched for age and year of

hospitalization. The incidence rate in the BHP group was 3'011000 person-years

of follow-up, and the rate in the control group was 3.1/1"000 person-years.

Interestingly, in the 1B controls who developed BHP during the follow-up

period, 3 (3.8%) developed prostatic cancer, as compared Lo 23 (3.22l, of the

remaining controls and 2.gZ of the men in the original BHP group. A11 BHP

patients in thi-s study underwent subtotal prostatectomy, one rnight expect that

removal of a substantial portion of the prostate would decrease the likelihood

of prostatic cancer developing in the remainder. There was, however, no aP-

parent relation between prostatic cancer risk and the weight of the tissue

removed.
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The results of the two studies summarized earlier are contradictory. They
are, however, difficurt to compare. The study by Greenwald and co-workers
(1974b) determined incidence, whereas the study by Armenian and colleagnres
(L974) dealt wi.th mortality resulting from prostatic cancer. The mean fo11ow-
up time was 10.7 years in the former study, whereas it was not specifically
indicated in the latter, but must have been somewhere between 5 and 9 years.
The exact age distribution is not given in either report, but the first study
indicated that the average age at entry into the study was 63 years. Greenward
and co-workers (1974b) found 24 prostatic cancer cases out of 838 BHp cases
(2.9e"') and 26 cases per 802 controls (3.22), whereas Armenian and colleagues
(7974) found 35 cases per 296 BHp patients (11-.8%) and 10 cases per 299 con-
trols (3.3%). Thus, the crude rates are very comparable except for the BHp

group in the study by Armenian et a1. (L974). This difference suggests that
there is a possibility that the association found by Armenian and co-workers
(1,974) was due to chance. There are no marked differences in the methods used
for the diagrnosis of prostatic cancer in these studies. rn fact, in neither
study were detailed autopsy and histology data available, which rules out the
possibility that latent cancers have conLributed to the results. Increased
probability of detecti.ng prostatic cancer in BHP patients because of more at-
tention paid to prostatic disease in that group cannot explain the high rates
arnong BHP cases in the study by Armenian et al-. (1914). Mortality from pros-
tatic cancer as ascertained from the death certificates was recorded and not
incidence as in the study by Greenwald et a]. (L914b). The nunber of prostatic
cancer cases is rather 1ow in both studies, which lessens their reliability.

There are some other indications that BHP and prostatic cancer are not re-
lated. There are distinct differences in the epidemiology of the two diseases
(Araki et a1., 1980; Mishina et a1., 1985; Rotkin, 1983). For example, the in-
cidence of BHP i.s similar in Blacks and whites in the united states (Lytton,
1983). Most important, prostatic cancer and BHP originate from different parts
of the prostate: BHp develops in the periurethral zone, whereas carcinoma
originates, possibly exclusively, from the peripheral zone (Breslow et a1.,
L977; Franks, 1-983; Hodges and wan, 1983; McNeal, 1983). Furthermore, the two
processes are morphologically very different in that the fibrom.rscular com-
ponent of the prostate is intimately involved in BHp, whereas there is only
secondary fibromrscular involvement in prostatic carcinoma (Franks, 1983;
McNeal, 1983; Mostofi and price, L973; Tannenbaum, tg7i-). rn conclusion, there
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are some contradictory epidemiological suggestions that BHP and prostatic car-

cinoma are somehow interrelated. A11 other epidemiofogical- and biological

data, however, indicate that they are two separate diseases that develop inde-

pendently from one another in different parts of the prostate'

2. Prostatitis

A possible relation between prostatic cancer and prostatitis has been sug-

gested in two case-control studies in the United States, but the information

was either not convincing (wynder et a]. , L91I) or only a preliminary report

was available (Jackson et a1., l,9$l-). In a Japanese case-control study, no

association was found. It is of interest that venereal diseases such as

gonorrhea seem to be related to prostatic Cancer (see Section IV.B.), and

prostatitis is freguent in these diseases (orach and Kohnen, L911). Another

interesting similarity is the finding that prostatic cancer arises from the

peripheral zone of the prostate gland (see earlier), which is also the

preferential site for prostatitis (Drach and Kohnen, t97'l). In conclusion,

there are some suggestions for an association between prostatic cancer and

prostatitis, but conclusive evidence is lacking.

K. FAMILIAL ACGREGATION

cancer of the prostate appears to occur more frequently in fathers, sons,

and brothers of prostatic cancer patients than in unrel-ated men. Studies on

this have been summarized by Mandef and Schuman (1980). A significant 3- to 4-

fold increase in risk was found for mal-e relatives of white Utah prostate

cancer patients in a death certificate study by Woo1f ( L960) , who compared 355

fathers and brothers of 228 patients with controls, matched for age, county of

residence, and year of death, and in a c1j-nical study by Meikle and co-workers

(Meikle and stanj,sh, 1982; Meikle et aI. 1982) who compared 257 brothers of

150 patients, less than 62 years old at diagrnosis, with 202 brothers-in-law

and with the Utah male population. This increased risk in Utah white males

with a family history of prostatic cancer was confirmed by Cannon et aI.

(1982) in a retrospective study of Utah Mormons. In addition, there are three

case-control studies reporting that prostatic cancer patients significantly

more freguently than controls have a fanily history of prostatic cancer'

Steele and co-workers (1971) found a family history (father or brother) of
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prostatic cancer in 5 of 39 Q.2.BZ) prostatic cancer patients, and 2 of 39

contrors (5.1?). rn a preliminary report, Krain (1973) also indicated an in-
creased risk for blood relatives of prostatic cancer cases. rn his final
report, Krain (L914l indicated that 12 of 210 (5.7%) cases had a family his-
tory of prostatic cancer versus 2 of 215 (0.92) controls. Jackson et al.
(1981) indicated in a preliminary report on a case-control study that US black
prostatic cancer patients also significantly more freguently had a family his-
tory of prostatic cancer than did the controls.

There are two studies that did not find an increased risk for prostatic
cancer in relatives of prostatic cancer patients. Albert and ChiLd (1977)
found slightly more prostatic cancer cases (N = 28) among men wj,th a family
history of prostatic cancer than among controls; this difference was not
statistically significantly, however. Mishina et al-. (1981", 1985) did not find
any indication for familial aggregati.on in a case-control study on l-00 cases

and 100 age-residence matched controls in Japan. Thus, familial. aggregation is
a common, but not perfectry consistent finding for cancer of the prostate.

L. MARIfAL STATUS AND FERTILITY

Generally, rnarried men have a higher risk for prostate cancer than single
men, and widowed and divorced men a higher risk than married men (cannon et
dI., 7982; Duffield and Jacobson, 1945i Ernster et aI., 1,919ai King et a1.,
1963; Lilienfeld et a]-., 1,9'72; Mandel and Schuman, 1980; Swanson et al.,
1985). There is no si.gnificant difference for this pattern between mortali.ty
studies (King et al., 1963; Lilienfeld et al. , L972) and incidence studies
(Ernster et d]., 1'919a; swanson et aI., 1985). For bl-ack men in the united
States, a different pattern was found: single Blacks showed in recent studies
the highest risk and divorced Blacks the lowest, with married and widowed in
between. In these studies by Ernster et al-. (7919) and by Swanson et aI.
(1985) the incidence data that were used were derived from the TITICS from l-969

to 1971, and from the Metropolitan Detroit cancer surveiLance system from
r91B to 1982, respectively. rn older studies in the united states by King et
aI. (1963) and Lilj.enferd et a7, ,7912), Blacks showed the same pattern as

Whites, singles having the lowest risk and widowed and particularly divorced
men having the highest risk. These studies used mortality data from national
surveys covering 1949-1951 and 1959 to l-961, respectively. From these studies
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it appears that in US Whites no changes have occurred in the past three to

four decades in the relation between prostatic cancer risk and marital status.

In Bl-acks, however, a shift has taken place from widowed and divorced men

being at hi.ghest risk Lo single men being the highest risk group. In fact,

single Blacks are probably the population at highest risk for prostatic cancer

worldwide at the present time.

preliminary information from a case-control study in US Blacks by Jackson

et aI. (1981) supports the aforementioned observations, whereas in a Japanese

case-control study risk tended to be somewhat lower in married than in

divorced men (Mishina et al., 1981). There are, however, also case-control

studies that did not indicate a relation between marital status and prostatic

cancer risk (Greenwald et a:-,, t974; Talamini et al. , 1986; !'Iynder et aI.,
1971). Interestingly, no significant excess or deficit in mortality was found

in a cohort study anong US Catholic priests (Ross et a1., 1981-).

No difference for age at first marriage has been found in most studies

conducted in the United States (Armenian et a1. , 1975; Greenwald et aI.,
L974a; Ross et al., 1987; Schuman et af., 191'7 ), but there is one American

study (Cannon et al., 1982) that found an increased risk for men who first
married at over 21 years of age as compared with men who first married at a

younger age, Howeverf in a Japanese case-control study (Mishina et aI., 1981,

1985), patients were nnrried at a younger age than the controls, and the dura-

tion of their marriages was longer, Both Japanese observations were statisti-
cally significant. In an American case-control study by Armenian and co-

workers (l-975), a significantly larger number of patients were married much

longer (>35 years) than the controls. In a case-control study conducted in

the United States, Greenwald and co-workers (1979) did not find a relation be-

tween risk for prostatic cancer and the duration of widowerhood or mrltiple
marriages.

Married men with children appear to be at higher risk than childless

married men. Armenian et a1. (1975) reported a relative risk of 2'69 for

married men with children as compared with men wj-thout children, and Cannon et

aI. (1982) reported a sigrnificant (P < 0.001) odds ratio of 1,.2. In general,

prostatic cancer patients have more chiLdren or have induced more pregnancies

(Armenian et aI.,1915; Greenwal-d et a1., t914al. This association is possibly
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independent of race and environment, because Mishina and co-workers (1981,

1985) reported similar findings in a Japanese case-control study. However, in
some studies this association was not found (Ross et af., t9B1; lifnder et al-.,
1971) or slightly present (Schuman et aI., 1971 ). Age at the birth of the
first or last child does not seem to be associated wi.th prostatic cancer risk
(Greenwald et a1., 1,974a),

M. DISCUSSION AND CONCLUSIONS

There is an enormous variation among countries in the occurrence of cancer

of the prostate, both in terms of mortality and morbidity. Populations migrat-
ing from a fow-risk area to a high-risk area tend to acquire the high risk for
prostate cancer of their new environment. This finding indicates that dif-
ferences between these areas exist in the presence of envj.ronmental factors
that cause prostatic cancer or critically modify prostatj-c carcinogenesis.
Endogenous factors, i.e. genetically or constitutionally determi.ned dif-
ferences in susceptibility, thus appear to be clearly less important than en-
vironmental (exogenous) determinants. The increasing time trends in prostatic
cancer mortality and incidence suggest that the presence and influence of
these envirorunental factors have increased over time worldwide.

Although there are many factors that infl-uence the reliability of mor-

tality and j,nci,dence figures (Do1l and Peto, 1981), the international varia-
tion in prostatic cancer rates is probably reliable because of the following
reasons: (1) The variation in mortality and incidence rates is remarkably
similar. (2) The data are sufficiently consistent to group Asiatic countries
in the low-rate range, eastern European countries in the intermediate-rate
range, and northwestern European countries, Canada, and the United States in
the high-rate range. (3) In each of these groups there are at least some coun-

tries with guite reliable registries (Waterhouse et al., 1916, L982). Increa-
sing time trends for prostatic cancer incidence and mortal-ity reported world-
wide are probably also rather reliab1e, particularly the figures from the

United States, Japan and western European cor:ntries. Increased autopsy rates
most 1ike1y do not account for the increases in incidence and mortality, be-

cause (in the US) only some 3-72 of the cases are detected at autopsy, a

figure that has remained rather constant over the past several decades

(Devesa, 1980; Devesa et aI., L984; Heston et al-., 1985). rn addition, the
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rate of detection of latent carcinoma of the prostate on routine autopsy is
probably very sma1l and therefore does not significantly contribute to the in-
creases in rates (Harbitz and Haugen, L912). The number of cases that have

been derived from death certj-ficates only decreased steadily in the United

states until 1965, and it has remained at l--2% since. Increases in incidence

have, however, continued. AJ.so, the accuracy of death certj,ficates is high for
prostatic cancer (Percy et al., 7981,), while the number of cases that are his-
tologically confirmed has increased and has been over 90% in the United States

since the end of the 1960s (Devesa, 1980; Heston et aI., 1985). On the other

hand, a major contributing factor to the fact that incidence has increased

more than mortality is probably the improvement of clinical diagnosis in the

past few decades (Devesa et aI., 1984). AJ-so, improved survival rates may well
exptain why mortality has not or not increased or not increased as mrch as in-
cidence (Cairns, 1985; Mettlin and Natarajan, l-983; Mandel and Schuman, 1980).

None of the preceding factors can explain the differences in rates and trends

between Bl-acks and Whites in the United States, and therefore these intrignring
differences should be considered as real (Devesa, l-980; Mettlin and Natarajan,
1983; Schuman and Mandel, 1980).

From the studies on the prevalence of different tlpes of latent carcinoma

of the prostate in populations that differ in risk (see Section II.D.), it can

be deducted that the environmental factors enhancing prostatic cancer risk act
primarily at the phase of progression from sma11 noninfiltrative cancer to
Iarge, invasive latent trmors. As outlined earlier, this view is based on the

assumption that the small noninvasive l-esion is the precursor of the larger,
invasively growing lesion, and the larger lesion precedes the phase of clini-
ca11y detectable cancer. Another possibility is that environmental factors act

at earlier phases of prostatic carcinogenesis, i.e. promotion or initiation,
by influencing the potential of the developing lesions to progress, or even by

affecting the susceptibility of normal prostatic epithelium at a young age to
later carcinogenic events. Some support for the latter view is offered by the

observation by Breslow et a1. (1911) and Yatani et aI. (1982) that
noninfiltrative latent tumors occur slightly more freguently in populations at
high risk for clinical prostate cancer than in low risk areas (Tables vII and

WII). Other studies (Akazaki and Stemnermann, 1973; Guileyardo et al., 1980),

however, do not show such an association (Tables V and VI).
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In US black men and perhaps al-so other male populations, certain environ-
mental factors favoring the development of prostatic cancer seem to have been
prevalent in birth cohorts from around the turn of the century (see Section
rr.H.). Prostatic cancer death rates show a peak for these cohorts and have
declined for later cohorts (Ernster et al., l-978b). rnterestingly, a large
rural to urban migratj.on took place in the black community in the united
States in the early and middle twentieth century (lvhite et a1., 1991). Cur-
rently 70s" of us Blacks live in urbanized areas, whereas 572 of the white
population lives there. This migration has created major changes in life-sty1e
and other environmental- conditions for the great majority of the us black
population (White et a1., 1981). One might speculate that, although factors
prevalent among mare Blacks at the turn of this century may have caused an in-
creased level of initiation of prostatic cancer, the major change in environ-
ment for most us Blacks in the first half of this century is responsible for
the dramatic increase in prostatic cancer incidence and mortality anong US

black men over the past 50 years. An additional indication that environmental
changes (Iife-sty1e) are involved in the increase in risk in Us Blacks is the
shift in the re]ation of prostatic cancer risk with marital status from
singles having the lowest risk to singles having the highest risk (see Section
rr.L. ) .

Although environment is probably the prime determinant of prostatic cancer
risk, genetic factors may nevertheless be of some importance. ramiliar ag-
gregation of prostatic cancer risk is a consistent finding, as pointed out in
section rr.K. The studies on familial aggregation are, however, wi"th one ex-
ception (Meikle and stanish, 1982; Meikle et a1., 1985), not very thorough.
Familial aggregation may be heavily influenced by corrrnon environmental ex-
posure of such close relatives as brothers, sons and fathers (Greenwald, 1982;
9'Tinkelstein and Ernster, 1,979). As controls, Mej,kle and co-workers (Meikle and

stanish, l9B2; Meikle et al-., 1985) used brothers-in-law of the patients be-
cause they possibly have more environmental variabl-es in common with the
patients than those chosen from the generar popufatj.on. sti11, they found a 4-
fold i.ncreased risk for the blood-relatives of the patients. The differences
in risk between the black and the white male population j.n lhe United States
may in part be based on genetically controlled differences in susceptibility
for the disease. This view is somewhat supported by the confusing prostatic
cancer patterns in the caribbean region, where risk among some primarily black
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populations does not seem to follow the general pattern of risk increasing

with increasing degree of affluence (see Section II.C.; Hamifton and Persaud,

1981). However, the aforementioned peak in prostatic cancer death rates in

black birth cohorts from aror.rnd 1900 (Ernster et aI., 1978b), the recent

changes in the relation between prostatic cancer risk and marital status in US

Blacks, and the low rates among Blacks living in Africa (Kovi and Heshmat,

1913; Bradshaw and Harington, 19Bl-) can be regarded as argLments in favor of

an environmental hypothesis (Schuman and Mandel, 1980). Whether the 1ow pros-

tatic cancer risk of most of the ethnic minorities in the United States

(except Blacks), including migrants from Asiatic countries, is totally or in
part based on dj,fferences in genetic make-up is not clear because there is
little, if any reliable information about their Iife-styIes, which constitutes

one of the major environmental variables. In conclusion, although genetic fac-

tors may influence prostatic cancer risk to some extent in certain individuals

or ethnic entities, it is not likely that genetic mechanisms account for a

substantial proportion of the cases in the Western world (Winkelstein and

Ernster, t919)'.

Environmentaf factors that may relate to prostate cancer risk in men com-

prise: (L) life style: diet, smoking, alcohol use, and factors associated with

various aspects of behavior such as sexual and transmissible factors, (2) the

chemical environment: pollution of air, water or food, occupational exposures,

and exposure to various chemicals such as household chemicals and cosmetics,

and (3) the psychosocial environment. The last category has hardly been in-
vestigated and is estimated to be of no major importance for human cancer in
general. (Do1I and peto, 1981). Nevertheless psychosocial environment may

severely affect aspects of life-sty1e.

Exposure to chemicals from environmental pollution and occupational- and

other sources is generally regarded as a minor contributor to the total cancer

burden (Do]l and Peto, 1981). It may, nevertheless, be a major factor in cer-

tain subpopulations (such as workers exposed to asbestos or vinyl chloride),

or in the genesis of specific cancers (such as mesothelioma of the pfeura or

angiosarcoma of the liver). Some support for chemicaf environment as a factor

in prostatic carcinogenesis in men comes from the consistent finding (see

Section rr.G.) of slightly higher rates in urbanized areas than in rural

regions. An urban environment is more tikely to be associated with exposure
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to pollution or occupational chemicals (Goldsmith, 19SO). Rural and urban
areas may, however, al-so differ greatly in cultural patterns (DoII and peto,
1981; Lilienfeld et al., 7912), which are reflected in differences in sexuar
behavior and di.etary habits, for exarnple. For Bracks in the united states, an

urban:rura1 ratio of incidence/mortaliLy rates greater than l- is consistently
found (see Secti.on rr.G.). However, chemical factors are probably less impor-
tant in explaining this urban:rural difference than life-styIe factors, be-
cause there seems to be no difference in incidence for B1acks in urban areas
with and without heavy industry (Demoupolos and Gutman, 19Bo). An indication
that exposure to chemicals is perhaps important is that second primary tumors
in prostatic cancer patients often are either bladder carcinomas or leukemias.
For both tumors, occupational exposure to certain chemical carcinogens are
known risk factors (DoIl and peto, 19BL). The inconsistency in studies on

socioeconomic status and prostati.c cancer risk hinders an evaluation of the
possible importance of factors related to the work environment, such as chemi-
ca1 factors. on the other hand, Blacks in the United States are at higher risk
for prostatic cancer than whites, and they generally have a lower socj"oeco-
nomic status than whites and are, in general, more 1ike]y to have jobs with
high exposures to disease-producing ageirts (Davis, L9B0; Michaels, 1983; white
et d1., 1981) and to live in communities with comrnercial hazardous waste
facilities and uncontrolled toxic waste sites (Commission for Racia1 Justice,
1,981). An indication that the chemical environment is not very important is
the considerable difference in the occurrence of prostatic cancer in Japan and

the United States, although both countries show a comparable degree of in-
dustrial development. There are, however, great differences in life-sty1e, in
particular dietary habits between the two countries (wynder and Hirayama,
L977). rn section V., the evidence available for the invol-vement of specifj.c
occupational factors or air pollution in prostatic carcinogenesis will be sur-
veyed.

Breast and colon cancer rates are higher in second than in first-
generation migrants from l-ow-risk areas to the united states. This is
generally considered an indication that life-style factors that act throughout
Life are more irnportant determinants of risk for these cancers than chemical
factors in the environment (Reddy et al., 1980; h[under and Hirayama, lg].7l.
For prostatic cancer, this so-calIed second-generation effect also seems to be

present, a finding that supports the view that 1j.fe style is a main factor in

-3 3-



prostatj-c carcinogenesis (Bosland, 1985; Greenwald, 1982; Reddy et al., 1980;

schuman and Mandel, 1980; winkelstein and Ernster, L979). Life-styl,e is a

composite of cultural (i.e.group behavioral patterns) and individual

characteristics, that may change considerably in relatively short periods of

time, or, in some cases, remain remarkable constant. In general, smoking and

dietary habits are regarded as the major Iife-style-related factors in human

carcinogenesis (DoIl and Peto, L9B1). Dietary factors, first indicated by

vi[mder et aI. (1971) as of possible importance in prostatic cancer, have

recently received more and more attention (Bosland, L9B5; Greenwald, L9B2i

Mandel and schuman, 1980; N.A.S,,1982i Reddy et a]., 1980; winkelstein and

Ernster, 1-919). The international correlation between prostatic cancer

mortality and occurrence of cancer of the colon and the female breast, both

strongly rel-ated to dietary factors (N.A.s. , 1982i Reddy et dI., 1980),

supports a dietary association. The aforementioned exceptions to these

correlations -- Californian SDA, Utah LDS, US Blacks and some ethnic aroups in

Hawaii (see Section II.I.) -- may indicate that dietary factors are not as

important in prostatic carcinogenesis as they are for breast and colon cancer

and that there are afso other major determinants of prostatic cancer risk. The

similar prostate cancer patterns in SDA and LDS in the United States in
comparison with the general United States white population may also indicate

that srnoking and alcohol are not very important in prostatic cancer. Smoking

and use of alcoholic beverages are Proscribed for both religious groups

(Phillips, 1975; Lyon et al., 1980a). In addition, coffee and tea use are al"so

proscribed for LDS, and SDA tend to avoid drinking them, and rather strict
sexual mores pertain to both groups (Phil1ips, 1975; Lyon et a1., 1980a). More

detai,ls of the relation of diet and nutrition and prostatic carcinogenesis

will be presented in Section IV.A., and will be followed by a discussion of

that topic in paragraph IV.D.1. The use of alcohol, coffee and tea will also

be dealt raith in those sections.

In general, married men seem to have a higher prostatic cancer risk than

single men, and widowed and divorced men have an even higher risk than married

men. In addition, there seems to be a positive association between risk for

prostatic cancer and fertility. This association with marj'tal status may be

related to differences in life-styIe among the various categories of men.

Differences in dietary habits, for exarnple, are conceivable. On the other
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hand, differences in sexual habits or exposure to sex-related factors may be

important. The apparent associati-on between risk and fertilily may be related
to this. A further discussion on these aspects can be for.:nd in Section IV.B.
and IV,D.2.

In the following sections, a comprehensive overview will be given of the
data availabl-e on the role of environmental factors in prostatic carcinoge-
nesis, In additj.on, some attention wil-I be given to endogenous factors,
specifj.cally the role of the endocrine system, and to animal studies on

prostatic carcinogenesis.

III. ANIMAL MODELS FOR PROSTATIC CAI.ICER

Prostatic cancer is rare in almost a1l- small laboratory animals. The oc-
currence of cancer of the prostate in laboratory animals and the available
animal models for prostatic cancer have been reviewed elsewhere (Bos1and,

1987; Coffey et al., L919i Rivenson and Sil-verman, l-979). As indicated ear-
Iier, events that occur in the late stages of the promotion phase are likeIy
to be of crucial- importance in prostatic carcinogenesis in man, i.e. events
taking place during the progression from noninvasive, sma11 microcarcinoma to
invasively growing larger microcarcinomas. sti1l, the possibilj.ty also exists
that processes that take place during the early stage of the promotion phase,
in the initiation phase, or even before initi,ation occurs may be important.
Environmental factors that are of major importance in prostatic carcinogenesis
in man are most Iike]y operant at one or more of the later stages. Therefore,
it is essential to study the influence of environmental factors in an animal
model that comprises these stages. Thus, the few transplantable prostatic
tumor systems developed and characterized thus far -- the Dunnj.ng tumor 1ines,
the Pollard tumor lines and the Nb rat tumor lines (Coffey et dl., 79j9;
Smolev et d1., L977; pollard and Luckert, 1975; Nob1e, t9B2) -- are not
relevant in this respect. Spontaneously occurring prostatic carcinomas in the
ACIlsegHapBR rat (Ward et al., 1980) have the major disadvantage of very long
latency periods ()30 months), a condition that precludes practical experi-
ments. Spontaneous prostatic carcinomas found in aged germfree Lobund wistar
rats (Po11ard, 1973) have the additional disadvantage of reguiring germfree

conditions. rnduction of prostate cancer by hormonal manipulation has been

achieved in the Nb rat (Noble, 1982) and in the Lobund wistar rat (po11ard et
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t4any attempts in the past to chemically induce prostatic adenocarcinomas

in laboratory animals have failed (Bosland, 1-981; Rivenson and Silverman,

1,979). Recently, the successful induction of prostatic tumors in rats by sys-

temic administration of chemical carcinogens has been described by some inves-

tigators (Bosland et dI., 1983; Katayama et al. , L9B2; Pour, 1983). Pour

(19S3) induced squamous ceII carcinomas, which are rarely seen in men, in the

ventral prostate in 33 ? of his animafs by repeated subcutaneous administra-

tion of N-nitrosobis(2-oxopropyl)amine. Katayama et aI. (1982) reported the

induction of microscopic-size adenocarcinomas, which were probably carcinomas

in situ, in the ventral prostate by repeated subcutaneous administration of

3,2'-dimethyl-4-aminobiphenyl with an incidence of 2BZ. They afso found

intraal-veolar cribriform hyperplasias in 232 of their anirnal-s. One out of 293

rats showed a clinically manifest pelvic adenocarcinoma of undetermined origin
involving the dorsal lobe of the prostate. The induction of carcinomas in situ
in the ventral prostate by 3,2,-dimethyl-4-aminobiphenyl has recently been

confirmed by Shirai and co-workers (1985).

In the laboratory of the author, invasively growing, metastasizing adeno-

carcinomas were induced in the dorsolateral region of the prostate of Wistar

rats (Cpb:VrU) in a 25% incidence (5 out of 20 rats) by a single intravenous

injection of N-rnethyl-N-nitrosourea (ltr{U) (eosland et d1-, 1983). In an

additional 10 % of the rats microscopic size adenocarcinomas were found, both

types resulting in a total incidence of prostate cancer of 35 %. The average

latency was 64 weeks, and metastases were for"rnd in l-iver and 1un9. Prior to

the MNU injection, the animals were treated with the antiandrogen clT)roterone

acetate, daily for 3 weeks, followed by three daily injections of testoster-

one. This pretreatment induces a Synchronization of ceI1 proliferation, and

results in a peak in ce11 proliferation at the time of the MNU injection
(Bosland et al., t9B6; nrohimaa, 1980). This enhancement of ce1I proliferation
is most like1y responsible for the effectiveness of the MNU treatment by

causing fixation of the prormrtagenic DNA lesions caused by MNU. When only

cyproterone acetate was given, but no testosterone before MNU, thus actually
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suppressing cell proliferation, no tumors were observed (eosland et dI.,
1984). In addition, other carcinogens notably 7,L2-dimethylbenztalan-
thracene or 3,2,-dimethyl-4-aminobiphenyl -- could induce prostatic cancer
after pretreatment with clproterone acetate and testosterone, but they were

less efficient than MNU. To date this is the only induction model for prostate
cancer available that seems relevant for the human disease for the following
reasons: (l-) adenocarcinomas (and not squanous ceI1 carcinomas) are induced.
(2) rhe tumors originate in the dorsolateral region of the prostate and not in
the ventral robes. From an embryological point of view, there is no homologue

in man for the rodent ventral prostate (price, 1963; Sandberg et aI., 1980).
(3) rhe latency period is rather J-ong, and the tumors are thus relatively slow
growing. (4) The trunors are invasively growing and give rise to metastases.
Further characteristics of the tumors -- notably androgen dependence and his-
togenesis have not yet been reported. preli.minary data (M.C. Bosland, un-
published observations) indicate that the tumors develop from the dorsal
and/or the fateral lobes, and that their development depends on the presence
of androgens. The incidence of prostatic carcinomas in these further studies,
however, was 1ow (5-20U ). Nevertheless, this approach may prove to be

suitable for studying environmental influences on prostati.c carcinogenesis
beyond the initiation phase. The requirement of a high leve1 of celf
proliferation in the prostate for the chemical induction of prostatic
epithelial proliferative lesions was recently also demonstrated by Shirai et
al., (l-985, 1986, 1987a). They showed that 3,2,-dimethyl-4-aminobiphenyl in-
duces a high incidence of ventral prostatic carcinomas in situ in rats on
repeated treatment following enhancement of prostatic ceII turnover by sequen-
tial treatment with ethi.nyl estradiol and methyltestosterone, or by ethinyl
estradiol aLone followed by a three day recovery from this chemical castra-
ti,on. Shirai, et al. (1987b) did not produce prostatic neoplasia in r'344 rats
by MNU injected during stimulation of ceIl proliferation. rhis failure to
reproduce the findings of Bosland et a]. (1983) may have been due to the dif-
ference in the procedure followed to sti.mulate ce11 proliferation in the pros-
tate ( sequential administration via the feed of ethinyl estradiol and

methyltestosterone), or to strain differences in susceptibility for chemical
induction of prostatic cancer. Preliminary data from ny laboratory seem to
indicate that the F344 strain is indeed refractory to MNU-induced prostatic
carcinogenesis, unlike Wistar or Sprague Dawley rats.
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A recent report by Pollard and Luckert (1986a) indicates that a singl-e

i.v. injection with MNU (without any pretreatment) may be able to greatly en-

hance the formation of dorsolateral prostatic carcinomas induced by long-term

administration of high doses of testosterone propionate. This study suggests

that a combination of chemical and hormonal carcinogenesis nray be reguj-red for

the development of rat dorsolateral prostatic carcj-nomas. Pour and Stephan

(1987) recentfy confirmed that the combination of treatment with a chemical

carcinogen [N-nitrosobis(2-oxoproPYl)amine] and subsequent 1ong-term androgen

exposure enhances prostatic carcinogenesis in lilRc rats. They also confirmed

the need for enhanced prostatic ceI1 protiferation at the time of carcinogen

administration for the successful induction of prostatic cancer. Interesting-

1y, they fou:rd that stimulation of cell proliferation during carcinogen treat-
ment followed by long-term androgen administration causes adenocarcinomas

predominantly located in the dorsolateral prostate in addition to the sguanous

cel-l carcinornas in the ventral prostate that can be induced by this carcinogen

without the androgen treatment. If confirmed, these findings woufd have impor-

tant inplications for our views on prostatic carcinogenesiS in general.

IV EITVIRONMENIIAL FACTORS: LIFE-STYIE

A. DIET AND NUTB,ITION

l-. Introduction

The possible role of diet and nutrition in prostatic carcinogenesis in man

has recently been reviewed in depth (Bos1and, 1985). The evidence for the in-
volvement of dietary factors in prostatic carcinogenesis was evaluated, pre-

ceded by a comprehensive survey of the various studies on this topic. This

review will be sunnarized here from the viewpoint of dietary variables, rather

than from that of the type of study, as done originally (Bosland, 1985). rn

addition, the studies on diet and prostatic cancer that have recently appeared

in the literature, particularly those on vitanin A, wi1-l be discussed. Final-

Iy, an evaluation will be made of the information on diet, nutrition, and

prostatic carcinogenesis available to ddte.
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2. Recent Studies

the review by Bosland (1985)* th" fol-loooing epidemiologic studies were
discussed:

(1) International correlation studies : Armstrong and Do11 (1975), Carroll and
Khor (t915'), Correa (1981), Howe11 (1974), Schrauzer (1976b), Stocks
( 1970 ) , and Takahashi ( 1964 ) .

(2) Within-country correlation s tudies Blair: and Fraumeni (1978), Breslow
and Enstrom (1'974), Gaskill et al. (rg1-g), Koloner et a1. (19g1a,b,
1983), and Schrauzer et aI. (1977a,b).

(3) Case-control studies: Graham et al (1983), Kaul et aI. (1981), Kolonel
et a1.

Schuman

(1971).

( 4 ) Prospective (cohort) studies : Hirayama (1,979), Kark et al. (l-981), and
Phillips and Snowdon (19S3).

There are nine new reports on cohort studies (Heirbrun et ar., 1986;
Hirayama, l-985; Jacobson et aL., 1986; Middleton et a1., L987; Nomura et dl.,
1985; Paganini et aI., 1985, 1987; snowdon et al., !9g4; whittemore et a1.,
1986), and eight new case-control study reports (Heshmat et a1., 1985; KauL et
d1., t9B7; Kolonel et aJ-., 1985, r,987; Ross et aI., 1,987i Talamini et aI.,
1986; Willett et al., !983,1984) have appeared. one international correlation
study was reported (Rose et a1., 1986). rn addition, a report has appeared in
an American journal on a Japanese case-control study by mishina et al. (l-9s5)
contai-ning the sane information as the previous report that was in Japanese
(Mishina et aI., l-981). There are two reports of animal studies on the effect
of dietary fat on hormonally induced prostatic cancer (pol1ard and Luckert,
1985, 1986) and one study on the effect of vitamin A on the growth of pros-
tatic cancer (clinton et a1., 1985). These studies are summarized below.

rn the review by Bosland (1985), there are a few errors in some of thetables: rn Table 1-, the incidence rate in Denmark in tg6g-lgi2 should read
13.Q. tn Table 2, the reference numbers presented in the column indicated byuRef.u should read as follows: 58 = 18, 85 =35, gj = 3i, Bg = 3g, g9 = 39, 90= 40, and the correct last reference indicated for "Total Fat', is 36 and not87. In Tables 4a and 4b, the study by Koroner et aI. (1983) is reference nurrFber 44, not 3l-.

In

(1983), Mishina et a1. (198j"); Ross et a1. (1983), Rotkin (L979),
et a1. (1-982), Williams and Horms (1977), and Wlmder et al.
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Rose and colleagn:es (1986) recalculated international correlations be-

tween prostatic cancer mortality rates and food consumption data. They used

lgl}-tglg mortality rates and 1979-1981 food availability data' The following

positive associations t^rith prostatic cancer rates found in previous studies

(Bosland, 1985) were confirmed: al-I meats (r = 0.39), milk (r = 0.69), total

fat (r = 0.61), animal fat (r = 0.69), animal protein (r = 0'55)' total

calories (r = 0.34) and animal souree calories (r = 0.68); the associations

for meats, total fat and calories were, however, weaker than those previously

reported. A negative association for cereals (r = -0.75), and an absence of

an association for fruits (r = -0.09) were also confirmed' For vegetables' a

negative trend was found (r = -0.38), confirming one previous study, but

contradicting one other that found no association (see Bosland, 1985). Other

studies have found a weak positive association (r = 0.30-0'50) for egg con-

surnption (see Bosland, 1985). Rose et a1. (1986), however, for:nd no such

relation (r = 0.01). For the consumption of vegetable fat and vegetable

source calories (not previously studied) correlation coefficients were fognd

of 0.07 and -0.44, resPectivelY.

Results fro,m a case-control study in us Blacks were reported by Heshmat et

aI. (1985). A preliminary report (Kaul et a1., 1981) of the sane study was

discussed before (Bosland, 1985). The study involved 181 age-matched case-con-

trol pairs. In interviews lasting 30 - 45 min, questions were asked about diet

and several other items. The food-frequency guestionnaire that v'as used ad-

dressed serving size to estimate the actual amounts consumed more accurately'

Information on food consumption for two age periods: 30-49 years and )50 years

was obtained from every participant. Erom these data, the average daily intake

of 18 nutrients and food components was calculated. No difference between

cases and controls was found for the consumption of carbohydrates, crude

fiber, calcium, phosphorus, sodium, potassium, iron, thiamine' riboflavin'

niacin, vitamin c, Iinoleic acid, and cholesterol. Average daily intake of

protein, total fats, saturated fatty acids, and oleic acid was higher in

patients than in controls. These differences were not stati'stica1ly sig-

ni,ficant (P < O.OB3 - P < 0.089; paired t-test), and they were found only for

the 30-49 period, and not for the 50+ period. vitamin A intake was sig-

nificantly higher in patients than in controls for the 30-49 period (P <

0.007) and tended to be higher for the >50 years period (P < 0.069). A foIIow-
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up study in 55 additionar case-contror pairs (xauI et ar., 1987), found a
nonsignificant (p > 0.05) higher vitamin A j.ntake in cases than in controls
for the 30-49 years of age period, but no such tendenry for the )50 years
period' rn this latter study, a lower average daily intake was found in cases
than in controls for iron and thianin in the 30-49 years period, and for
linoleic acid and riboflavin in the 50+ years period.

Kolonel and co-workers (1987) presented a finar report of an ongoing case-
control study among the various ethnic groups in Hawaii (Ko1one1 et aI., 1983,
1985). The 1987 report is the final report on vitamin A and carotenes; this
report j.s sunnnarized here. Data on vitanin c were only presented in the 1985
report. For each of the 452 cases 2 controls matched for age were selected;
86? of these subjects were at reast 70 years oId. rn interviews, data were
collected on frequency and amount of consumption of more than 100 food items.
This selection of foods represented approximately B5-90t of the food sources
for vitamins A and c (Kolonel et al., i.985); in addition, vitamin supplements
were incruded in the study. There was a positive association between fat
intake and prostatic cancer risk (Kolonel et a1,, r9B7; data were not shown in
this report), but there was no indication that vitamin C consumption differed
between cases and controls (Koroner et a1. , 1,987). The data for vitamin A
consumption are detailed in Secti.on IV.A.6.a.

A case-control study in US Blacks and Whites involved 142 age-residence
matched pairs per racj,al group (Ross et a1., 1987). Freguency_of_use data on
20 food categories were col-lected by interview. Sig,nificantly elevated rela-
tive risks were found for use of eggs and, in Blacks on]y, pork and kidney.
Significantly reduced relative risks were found for use of poultry and carrots
(in Whites) or cooked greens (in slacks). Intakes of fat, protein, vitamin A
and p-carotene were estimated in tertiles. There was no association between
risk and protein or vitamin A consumption. Risk decreased monotonously, but
not significantly, with increasing fat consumption of F-carotene in Blacks
on1y. Risk increased with increasing fat consumption in both racial groups.
Risk in the highest fat intake tertile was significantly elevated in Blacks (p
< 0'05). Lower risk seemed associated with high intake of p-carotene espe-
cia11y in persons with a 1ow fat intake.
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talamini et a1. (1986) conducted a case-control study in ltalian men' A

total of 166 cases and 202 hospital controls were included. cases and con-

trols were not age-matched and therefore relative risks were obtained from

age-stratified data by multiple logistic regression analysis, controlling for

all variabfes. Frequency-of-consumption data (<5 or >4 dayslweek) were ob-

tained from a questionnaire on meat, milk/cheese and green vegetables (not

otherwise specified). There was a significant positive relation to risk for

the consumption of milk and cheese together (relative risk 2.5; 95% confidence

intervaf 1,3-4.7), and a borderline significant relation for meat consumption

(relative risk 1.1; g5Z confidence interval 1.0-2.8). There was no sig-

nificant relation for the consumption of green vegetables. The authors also

state that wine and coffee consumption were unrelated to prostatic cancer

risk, but the actual data were not gi-ven.

willett and co-workers (1983, 1984) collected blood samples from 4480 sub--

jects from 1973 to 1974. In this cohort, 1-11- cases of cancer were identified,

11 of which were prostatic cancer. Eor each case, two controls were selected

who were matched for age, race, time of blood coll-ection and a number of

health-related. variables. Serum levels of retinol, retinol-binding protein

(RBp), total carotenoids, vitamin E, and selenium were measured and adjusted

for the tevel of total serum lipids, because there was a more or less strong

association with lipid levels for all variables. There was no difference be-

tween cases (a11 cancer as well as prostatic Cancer) and controls for serum

leveIs of retinol, RBP, carotenoidS and vitamin E. For selenium, however,

cancer cases had significantly (P = 0.02) lower serum levels (0.129 pg/fi'J\

than controls (0.136 pgfirl) (Willett et dI., 1983). For the 11 prostatic

cancer cases specifically a similar difference (0.128 versus 0.139 p9lm1) was

observed, but it was not statistically significant (P = 0'12)'

In a further report on an ongoing cohort study (Hirayama, 1979) in Japan,

Hirayama (1985) presented more recent data on smoking, the use of alcohol and

the consumption of meat and green-yel1ow vegetabtes. The results are from the

16-year follow-up period of a cohort of L22,261 men. The number of prostatic

cancer cases is not indicated in this report. In the report on the L0-year

fotlow-up (Hirayama, 1979) there were 53 deaths from prostatic cancer' A nega-

tive association of risk and the intake of green-ye}low vegetables was

reported in the ]-0-year fo11ow-up, and no association was found for smoking,
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and alcohol and for meat consumption. rn the more recent report, however, no
relation between risk and the consumption of green-yelIow vegetabl,es (or meat
and alcohol or smoking) was present.

Paganini-Hi11 and co-workers (1985, 1987) studied the association between
the use of vitamin A supplements and 59 foods ( incJ-uding major vitamin A- and
B-carotene-rich foods) and prostatic cancer risk in a cohort of mainly white
subjects (median d9€, 75 years) , 4z}o of whj.ch were ma1e. after 5 years of
fol1ow-up, 92 prostatic cancer cases were identified. age-adjusted incidence
rates were reported.
There was no association between prostatic cancer risk and dietary vitamin A
and p-carotene or total (dietary plus supplementar intake) vitamin A
(Paganini-Hill et a1., 1987). For vitamin A supplement use on1y, however, in-
cidence rates increased from 4.17 per 1000 for nonusers to 4,gB and 6.85 per
1000 for men using little or nnrch supplementation, respectively. The l-atter
rate was significantly higher (p < 0.05) than that for nonusers, and the trend
forincreasingrateswithincreasingsupp1ementusewasa1sosignificant(r<
0.05). rn an earLier 2.5 year follow-up (70 cases), no relation between risk
and supplement use was found, but mean serum retinol concentration in a random
sample of 8 supplement users was significantly higher than in 1g non-users (g6
pg/1'00 m1 versus 74 pg/100 mf; p = 0.038) (paganini-Hir1 et ar., 1985).

Middleton et a1. (1987) most 1ike1y studied the same patient-control
population as Graham et al. (19S3), There was a nonsigrnificant increase in
risk with increasing vitamin A consumption (see Section IV.A.6.a).

In a preliminary report, phillips and Snowdon (19S3) presented the results
of the 2r-year fo1low-up of a cohort study among 21,295 white californian
Seventh Day Adventists. They indicated a nonsigrnificant tendency of a positive
association for prostatic cancer mortality with the freguency of meat consump
tion, and a negative association with the frequency of use of coffee (see
Bosland, 1985). A more recent report (snowdon et ar., 1-984) was restricted to
the 6763 men who reached the age of 60 in the 21-year period; 99 prostatic
cancer deaths occurred among them. Data on the frequency of the use of mi1k,
meat and poultry together, cheese, and eggs were collected from a guestion-
nai're at the start of the study. No data on the consumption of coffee were
presented in this report, but information on body weight was included. For the
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consumption of the various food items, three frequency categories were used:

<1 daylweek, L-2 days/week, and 3+ days/week. Milk consumption was assessed as

1!,!-2,and3+glasses/day.rortheuseofmeat,cheese,andParticularly
eggs, there was a tendency for the age-adjusted risk refative to that of the

lowest freguency tertile to increase with increasing freguency of use. using a

test for l-inear trend, a borderline si-gnificance was found for e99s, with a

two-sided p value of 0.09. For meat and cheese, the trend was not statisti-

cally sigrnificant. For the consumption of mi1k, on the other hand, the rela-

tive risk for the highest freguency tertile (2.4) was significantly elevated

(p < 0.05). There was a clear dose-related increase in relative risk with a

two-sided P value of 0,005 for linear trend. The relative risk for men with

markedly overweight (730-2492 of desirable wei.ght) at the start of the study

(2.4) was statistically significantly elevated (P < 0.05) in comparison with

men within 10? of their desirable weight. I'lultivariate analysis (Cox propor-

tional hazards regression) to evaluate the possibility that interrelationships

between the variables were responsible for the associations found was per-

formed on the five aforementioned variables and age and leveI of education'

The mrltivariate-adjusted relative risk (l3O-2492 overweight versus normal

weight) for obesity (2.5) was significant (P < o.o1), the relative risk

(highest freguency tertile versus lowest tertile) for milk (1.5) was border-

line significant (P < 0.1), and relative risks for meat and poultry together,

cheese, and eggs were not sigrnificant (P > 0.1). when all four animal product

variabfes were grouped together in this analysis, the relative risk was 3'6'

A Norwegian cohort study (Jacobson et aI., 1986) investigated cancer risk

and coffee drinki,ng. A cohort of 13,664 men was followed for l-1.5 years,

during which 260 men died of prostatic cancer. There was no association with

risk for prostatic cancer for the number of cups of coffee that were consumed

at the start of the studY.

Heifbrun et aI. (1986) studied a cohort of 8006 Japanese men from the

Hawaiian island of oahu. At the tj.me of the start of the study (1965-1968)

their tea consumption (black tea onJ-y) was recorded as the nunber of times of

consumption per week. In 1985, there were 7833 men avail-able for analysis, of

which 48.62 were tea consumersi there were 1-49 prostatic cancer deaths' The

relative risk (adjusted for age at entry) decreased significantly (P = 0.020;

linear trend test) with increasing tea consumption (from afmost never to
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daily). since tea consumption decreased with increasing age, the influence of
age at entry and the time interval- between age at entry and age at the time of
diagnosis were studied. The negative association wj.th prostatic cancer risk
for tea consumption was stronger for men that were 58+ years at entry and/or
had an intervaf between entry and diagnosis of L0 years or longer than for men

under 58 years or with a shorter interval. Thus the negative association alF
peared essentially independent of age as potential confounder.

A cohort study conducted in the United states (whittemore et a1., 1985)
followed over 29,000 male and femare subjects for approximately 10-15 years
from the time a guestionnaire was mailed to them reguesti.ng information on
personal habits. A total of 243 men developed prostatic cancer. There was no,

significant (p > 0.05) association between risk for prostatic cancer and the
consumption of coffee, tea, and alcohol.

Nomura and colleagues (1986) conducted a cohort study in gawaii on 7355
Japanese men, who were followed for 10 years. At the start of the study, in
1965-1968, the men were asked about the number of cups of coffee they were
drinking dai.1y. A totar of 108 newly diagnosed cases of prostatic cancer oc-
curred in this period. There was no relation between the number of cups of
coffee that were consumed per day and the incidence of prostatic cancer.

Pollard and Luckert (1986a) reported data on the effects of fat on
hormonally induced prostatic cancer in rats. A preliminary report of the sarne

study (Po11ard and Luckert, 1985) essentially contained the same data. They
treated 3 to 4-month-oId male rats of the Lobund-wistar strain with testos-
terone propionate to induce prostatic cancer. Each rat in groups of 40 were
given two silasti.c implants, each of which contained 40-50 mg testosterone
propionate, and which were replaced twice at 3-month intervals. One testoster-
one-treated group was fed a powdered natural ingredient diet ( indicated as L-
485) that contai.ned 5% fat, to which 15% corn oil was added making the total
fat content 202. IL is not clear from their publication whether the total fat
content of this diet was 202 by weight, or 2oz of energy content. Fturther-
more, the high-fat diet was not isocaloric wj-th the low-fat diet. Also, it is
not completely clear when the feeding of the high-fat content diet was

started; most 1ike1y it started at the time of the first testosterone implan-
tation. Another group was also treated with testosterone and fed the L-485
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diet without extra fat added. Both groups had ad libitum access to the food.

There was a control group of l-B rats that were fed the high fat diet and were

not treated with testosterone propionate. In other experiments rats that were

treated with testosterone propionate or that received empty implants and were

fed the 1ow-fat diet were followed for longer than 12 months. In the high-fat,

testosterone-treated group 26 of 40 rats (65%) had prostatic cancer, 7 of

which had grossly observed tumors of the prostate and 19 microscopic cancer'

rn the 1ow-fat, testosterone-treated group 1-4 of 40 rats (35%) had prostatic

cancer, 2 of which had gross prostatic tumors and 12 microscopic size cancer'

The difference in incidence is statistically significant (P < 0.02; X"-test,

two sided; anal-ysis done !y the author). The average latency tine was 11.3

months in the high-fat group and 12,4 months in the low-fat group; and the

average survivaL time was 11.7 and l-2.8 months, respectively (no significant

differences for latency time and survival; P > 0.05; t-test, two sided;

analysis done !y the author). The results for the testosterone-treated rats on

1ow fat were similar to those in previous experiments. Very few details were

given on the gross tumors: they were adenocarcinomas, often poorly differen-

tiated, located in the dorsolateral region of the prostate. No details were

given on the microscopic cancers. In the group fed a high-fat diet without

testosterone treatment and in the group on low fat with empty Silastic

implants, no gross or microscopic prostatic cancer was seen' rn control

animals (untreated, on a low-fat diet), one prostatic tumor was found at 22

nonths (number of animals was not indicated; Pollard and Luckert, 1985). These

resufts seem to indicate that the inclusion of a substantial amount of corn

oil in a natural-ingredient diet accelerates the development of prostatic

carcinomas induced by testosterone propionate in Lobund-Wistar rats. It is not

at all clear whether this is an effect of the fat or a consequence of the

dietary imbal-ances that certainly occurred in this experiment, because no

isocaforic diets were used, The groups may have differed as much as 20-25% in

intake of some essential nutrients as a result of the unadjusted differences

in energy density of the high- and low-fat diets. Nevertheless, this study

adds more weight to the epidemiological indications that a high intake of

dietary fat is positively related to a high risk for prostatic cancer.

In a preliminary report, the results of the effects of vitamin A deficien-

cy or supplementation (as retinyl acetate) on the growth of the transplantable

Dunning prostatic carcinomas R3327H and R3327HI were sulnmarized (Clinton et
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a1., 1985). No effects on qror,th of the androgen-dependent line n3327H or the
androgen-independent line R3327Hf were found.

3. r'oods and Foodstuffs

Positive and negative associations of the consumption of certain foods and
foodstuffs with risk for prostatic cancer have mainly been derived from inter-
national correlation studies and from case-control studies. In the fi-rst
category of studies, the correLation between prostatic cancer mortality or
incidence and the estimated gross per capita consumption of these foods and
foodstuffs is determined. The latter studies compare the consumption of these
items in prostatic cancer cases and controls, usually the frequency of
consumption has been studied, and only occasionail_y the amounts consumed,
which is more accurate. There are also some data from cohort studies and
within-country correlation studies. The main findings reported in the litera-
ture are summarized below:

a. Ivleats. In four international correlation studies, consumption with
meats in general correlated moderately strongly with prostatic cancer
mortality/incidence, correlation coefficients of 0.56-0.74 (Armstrong and
DoI1, 1975; Correa, 1981_; Howell,1974; Schrauzer, L9.76b). Rose et a1. (1986)
was the only group that found a lower correlation coefficient (0.39). Catt1e
meat particularly showed this association (correa, 198i.; Howe1], 1974); pork
meat did not correl-ate as well (Correa, 1981; Howe1l, 1974), and poultry not
at all (Howe11, 1,974). In one case-control study (Talamini et a1., 19g6) a
borderline-significant positive association for meat consumption was found.
rn three other case-control- studies (Mishina et a1.,198L,1985; Rotkin, !919;
Schuman et al., 1,982) and two cohort studies (Hirayama, 1979, 19g5; phillips
and snowdon, l-983; snowdon et ar., l9B4) no association with meat consurption
was found. rn a case-control- study, Ross et a1. (1987) found a negative as-
sociation for pork (in us Blacks, but not in whites), and a negative associa-
tion for poultry, as did schuman et ar, (1983). Because there are no studies
that indicate a negative assocj.ation between prostatic cancer risk and meat
consumption and because the positive associations found in the correlation
studies were moderately strong, it seems justified to conclude that there are
limited indications that consumption of meat (but not of poultry) is posi_
tively related with risk for prostatic cancer.
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b. Edible Eats and oils. A strong posi,tive correlation with prostatic

cancer rates was found for edible fats and oils in two international correla-

tion studles, with correl-ation coefficients of 0.70-0.73 (Armstrong and Do11,

1975; Howe11, L974). In preliminary reports of two case-control studies, a

positive association was found for prostatic cancer risk and the consumption

of butter and/ot margarines (Kau1 et a1., 1981; Rotkin, 1979). Thus, although

the number of studies concerning the consumption of edible fats and oils is

limited, there is consistency in finding a positive relationship with risk for

prostatic cancer, and the correlation coefficients observed in the correla-

tions studies are high.

c.Eggs.Apositiverelationofriskforprostaticcancerande!I!Icon-
sumption was found in three case-controf studies (RosS et a1., l-987; Rotkin,

1979; Schuman et al. , 7gB2). A weak positive association was found in three

international correl-ation studies (Armstrong and DolI, 1915i Cottea' 1981;

schrauzer, 1976b), while no association (r=0.01) was found by Rose et aI'
(l-986). A prospective study showed only a borderl-ine-sigrnificant positive as-

sociation (snowdon et a1., 1984). Hence, there are limited indications that

egg consumption is positively associated with prostatic cancer risk.

d. l4i1k. The results of epidemiological studies on milk consumption and

prostatic cancer risk are contradictory and do not permit a conclusion. In

international correlation studies correlation coefficients varied between a

nonsignificant 0.35 to a highly significant 0.70 (Arnstrong and DoIl, 1975;

correa, 1981; Howel], L9"14; Rose et aI. , 7986; Schrauzer, 1976b). On the

other hand, a negative relationship was found in one within-county correlation

study (Gaski11 et aI., 1"979), while there was no association in two case-con-

trolstudies(Mishinaeta1.,1981,1985;Schumanetal',t982)andonecohort
study (Hirayama, 1979 ) . In another cohort study ( snowdon et al. , 1984 ) ,

however, there was a slight tendency for a positive relationship; and in one

case-control study (Ta1amini et al., 1986) a significant positive association

was found for the consumption of milk and cheese together'

e. Eish and seafood. A significant negative association with prostatic

cancer risk was found in two case-control studies for the consumption of fish

a d/or seafood (t{ishina et a1., 1,981, 1985; Schuman et a1., l-982). No such

relationship, however, was found in three international correlation studies
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(Armstrong and DoI1, 1975; Howe17, J.974; Schrauzer, L976b) and one prospective
study (Hirayama, 1979). Therefore, the i.ndications that fish/seafood consump-
tion is negatively associ.ated with prostatic cancer risk are very limited.

Anima1 Products and Fat ty Foods. In one prospective study (Snowdon et
aI., L984) a significant positive association was found between risk and the
consumption of animar products (milk, cheese, meat, and eggs together). The
results of one within-country correlation study (Blair and Fraumeni, l-978) and
one case-control study (Rotkin, 1979) suggested that the consumption of fatty
foods in general is positively associated with prostatic cancer risk. rn two
other case-control studies, however, no indications for such an association
were found (Mishina et al., 1981, 1985; Schuman et aI., LgBz). One within_
country correl-ation study investigated various sources of fats separately, and
in a preliminary report no association was indicated for meat, fish, or dairy
fat and cholesterol consumpti.on (Ko1one1 et ar., 1981b, L9B3). rn one case-
control study (Talanini et aI., 1986) a significant positive association was
found for dairy products. Thus, there are limited indications that the con-
sumption of fatty foods andlor animal- products is positively related with
prostatic cancer risk.

g. Sugar. rn three international correfation studies a moderately strong
correration was reported for prostatic cancer rates and pgg capita sugar con-
sumption (Armstrong and Do11, 1975; Howell, 1974; schrauzer, 1976b). correla-
tion coefficients varied from 0 .62 lo 0.61 . There are no other studies that
included data on consumption of sugars, and, therefore, the evidence for a
positive association with prostatic cancer risk should be regarded as limited.

h. Vitamins A- and C-Rich Foods . Because of the contradictory data on the
possible relationship of vitamin A consumption and prostatic carcinogenesis
(see section rv.A.2 and 6.a), foods that are presumably high in vitamin A are
sununarized together here. Some of these foods are also rich in vitamin C and
carotenoids. This group consists of vegetables in general, green-yeI]ow
vegetables, carrots, (citrus) fruits, and 1iver. A negative association with
prostatic cancer risk was found in three case-control studi.es for carrots
and/or liver (Ross et a1., 1983, 1987; Schuman et aI., L9g2) one case_con_
trol study did not find an association for cruciferous vegetables specifically
(Graham et al 1983). A negative association for green vegetables was found

f
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in one case-control study (Ross et aI., 1987), but not in another (Talamj'ni et

dI., 1986). In a Japanese prospective study (Hirayama, 1979), a significant

negative relation was found between the risk for prostatic cancer and the con-

sumption of green-yel1ow vegetables. fn a later report (Hirayama, 1"985),

however, such an association seemed to be absent' It is not clear at present

whether the first observation was valid. In a Japanese case-control study

(tlishina et aI. , LgBL, 1985), a significant negative association was also

reported for the consumption of green-yelIow vegetables. In a United States

cohort study, no association was found for the consumption of carrots

(paganini-HilI et a]., 1985). No association to a weakly negative association

between prostatic cancer rates and the consurnption of vegetables and,/or fruits

was found in four international correlation studies (Armstrong and Doll, 1975;

Howe11, 1974; Rose et aI. , 1986i Schrauzer,1976b). A consistent, moderately

strong negative relation has been reported for pulses in three international

correlation studies with correlation coefficients of -0.59 to -0.66 (Armstrong

and Do1l, 1975; Correa, 1981; HoweII, tg14) and in one case-control study for

peas (schunan et aI ., lg82). The indications that the consumption of vitamin

A- and vitanin C-rich foods is negatively related to prostatic cancer risk are

thus limited. A negative association with the consumption of green-yeI1ow

vegetables in Japan and with the consumption of pulses is more consistently

found, but conclusive evidence is not present.

i. Fiber-Rich Foods. The consumption of cereals showed a rather strong

and consistent negative correfation with prostatic cancer rates in four inter-

national correlation studies; correlation coefficients varied from -0.60 to -
0.77 (Armstrong and DoIl, 1975; Howell, L914; Rose et dI., 1986; Schrauzer,

1976b). On the other hand, bread-cereals and wheat, which are major sources

of dietary fiber, did not show an association with prostatic cancer risk in

international correlation studies (Howell, 1974; Schrauzet, 1976b)' There are

no data on these foods from other types of studies. Other sources of dietary

fiber, various vegetables and fruits, showed a negative association in some

studies and none in others, as indicated earlier. In Suimary, there are

Iimited indications that dietary fiber is negatively associated with prostatic

cancer risk.
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4. aLcoholic and Nonalcoholic Bever ages

a. Alcoholic Beverages. For alcohol use in general, three case-control
studies in the United States showed no association with prostatic cancer risk
(Ross et a1., 1987; wilIj,ams and Horms, 1977; wynder et ar., tgi-t). e prelimi-
nary report on a case-control study in US Blacks (Jackson et aI., 1991) indi_
cates a positive association, whereas a Japanese case-control study (Mishina
et d1., 1981, 1985) found a borderline significant negative association. A
Japanese and a US cohort study did not show an association between alcohol use
and prostatic cancer risk (Hirayama, !9i9,1985; whittemore et al., L9B5). For
specific arcoholic beverages, few significant associations with prostatic
cancer risk have been reported. In two international correlation studies a
marginally positive correlation for beer (correlation coefficients of 0.42 and
0.44) has been reported (Correa, 1981; Schrauzer, 1976b). fhere are a within_
country correlation study (Bresl-ow and Enstrom, 1974) and a case-control study
(williams and Horms, I9l1) that did not show an association between beer
consumption and prostatic cancer risk. williams and Horms (1977) found a
significant (p < 0.01) positive association with risk for wine in their case_
control study, whereas Kaul and co-workers (1981) indicated a sigrnificant (p <

0.01) negative association for wine in a preliminary report from a case-con-
trol study in us Blacks. No rel-ation between wine consumption and risk was
reported in an rtalian case-control study (Tarami.ni et al., 1986). Also, no
association for wine was foru:d in an international correration study
(Schrauzer, 1976b) and in a within-country correlation study (BresLow and
Enstrom, 1974). For the consumption of hard ]i.quor, no association with pros-
tatic cancer risk was found i.n three different types of studies (Breslow and
Enstrom, L974; Schrauzer, 7916b; Williams and Horms, lg"t7).

Studies of prostatic cancer mortality among alcoholics have not indicated
a clear re]ation between the two disorders. There are two studies that indi-
cated a slight excess mortality from prostatic cancer for al-coholics (pe1l and
D'A1onzo, J.973; schmidt and De Lint, 1,972), but in two other studies no such
association was found (Lowenfels, 1974i Monson and Lyon, 1975). However, the
number of cases in all these studies was very 1ow, whj.ch markedly lessens the
significance of the findings. rnterestingly, prostatic cancer risk i.s lower
than in the general population in men suffering from cirrhosis, which is often
a consequence of alcohol abuse (G1antz, 1964; Robson, L966).
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In conclusion, most 1ikeIy there is no association between the use of aI-

cohol in general or specific alcohol- containing beverages and risk for pros-

tatic cancer. For beer and wine consumption, however, there are some conflict-

ing data, and thus the evidence that there is no association with prostatic

cancer risk is limited.

b. Nonalcoholic Beverages. For the pgr capita consumption of coffee, a

statistically significant positive association with prostatic cancer rates has

consistently been reported in internationaL correlation studies (Armstrong and

oo11, L9?5; Schrauzer, t916bi Stocks, 1970; Takahashi , L964) Correlation

coefficients varied from 0.57 to 0.70. No association for coffee, however, was

found in three case-control studies (Jackson et a1., 1981'; Mishina et dI',

1981, 1985; Talamini et al., 1986) and three cohort studies (Jacobson et a1.,

1986; Nomura et aI., !986i Whittemore et al., 1985). e nonsignificant tendency

for a negative association was reported by Philips and snovdon (1983) from

another cohort study, The positive relation with prostatic cancer found for

coffee in the international correlation studies is perhaps artificial. The per

capita consumption of coffee correl-ates positively with that of fat, which in

turn correfates very 17e11 with prostatic cancer rates (Armstrong and DoIl,

1975; Schrauzer, 1,g'l6b) . l'ihen ArmsLrong and DoIl (1975) controll-ed for the

consumption of fat, the correlation coefficient dropped from 0.57

(uncontroll-ed) to a nonsignificant 0.31.

No association with prostatic cancer was found for the consumption of tea

in international correlation studies (Armstrong and Do11, 1'9'75; Schrauzer'

1976b; Stocks, 1970), in case-control studies (Jackson et aI., L9B1; Mishina

et a|. , L}BL, 1985), or in one Japanese cohort study (Hirayama, L919). In

another cohort study among Japanese men in Hawaii (Heilbrun et a1., 1'986),

however, a signifi-cant negative association between black tea consumption and

prostatic cancer risk was found.

In conclusion, the consumpti,on of tea and coffee does not appear to be re-

lated with risk for prostatic cancer. This conclusion is of limited strength

because of some conflicting data.
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5. irtacronutrients and Fiber

rn a number of epidemiorogical studies and in a few animal studies, the
relation between prostatic cancer risk and specific nutrients has been inves-
tigated. As indj-cated elsewhere (Bosland, 1995), in the epiderniological
studies, the total intake of specific nutrients has been estimated from food
freguency data and sometimes from more accurate information on amounts of food
consumed. These data were obtained by guestionnaires and,/or interviews. Using
various data banks on the nutrient compositi.on of the foods studied, estimated
intakes were subsequently calculated. Macronutrients will be discussed in the
following paragraphs and micronutrients in subsequent sections.
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a. Fat. A positive association with prostatic cancer risk has consis-
tently been for.rnd for total fat i.ntake and for the consumption of animal fat.
rn four international correlation studies highly significant correlation coef-
ficients were for:nd for total fat, varying between 0.70 and 0.89 (Armstrong
and Do1l, l-975; carroll and Khor, 1975; correa, 1981; schrauzer, 1976b). rn a
fifth such study, a somewhat lower correLation coefficient was found (Rose et
a1., 1986). For animal fat consumption data, correlation coefficients of 0.51
and 0.69 were reported (correa, i,g8l-, Rose et a1., 19go). More or less posi-
tive relationships with totaI, saturated, and/or animar fats were found in
four case-control studies (Ko1one1 et al., 1983; Graham et al., 1,9g3; Heshmat
et df., 1985; Ross et a1., 1987). In a within_country correlation study,
animal fat consumption correl,ated highly significantly with prostatic cancer
risk, even though total fat intake did not (Kolonel et aI., 19g1a,b, 1983).
Thus, animal fat and, with one exception, total fat intake are consistently
and rather strongly associated with prostatic cancer risk. The data for
(poIy)unsaturated fats, which have been ress well studied, on the other hand,
are somewhat contradictory. No association between prostatic cancer mortality
and vegetabLe fat consumption (r = 0.07) was found in an internationar cor_
relation study by Rose et al. (1986). rn one within-country correlation study
(Kolone] et al-., l-981b, 1983) and one case-control study (Heshmat et dl.,
l-985), no association was found for unsaturated fat and linoleic acid, respec-
tively. one other case-control study, however, showed a tendency toward a
positive relationship with prostatic cancer risk for unsaturated fat (Kolone1
et a1., 1983). There are no data from cohort studies available. Hence, for
(poly)unsaturated fat sufficient information is lacking. There have been very



few animal studies on the effects of dietary fat on prostatic cancer. T\do

preliminary reports indicate that fat does not affect the growth of transplan-

table prostatic carcinomas (Kroes et aI., 1986; Spriggs et af., 1983)' Another

preliminary report indicated that the feeding of high levels of t^r3 fatty acids

in the diet inhibits the growth of DU-145 human prostatic cancer cefls in nude

mice as compared with mice fed high l-evefs of corn oil (Karmali et al., 1986)'

These studies are, however, not pertinent to the genesis of prostatic cancer'

Preliminary data from my laboratory indicate that neither saturated nor poly-

unsaturated fat influences the development of chemically induced prostatic

cancer in rats (Kroes et a1., 1986). Results from a recent study by Poflard

andLuckert(1985,].986a),however,Suggestthatfatcanenhancethedevelop-
ment of testosterone-induced prostatic cancer in rats. Thus, there j-s some

support from animal studies for a positive association between dietary fat and

prostatic cancer risk in man.

b. Protein. In two international correl-ation studies, total and animal

protein consumption correlated rnoderately strongJ-y with prostatic cancer rates

(Armstrong and Do11, 1975; Correa, 1981). Correlation coefficients between

0.50 and 0.61 were reported. a similar positive association was for-md for

animal protein in two such studies (Armstrong and Doll, I915i Rose et o1.,

1986), with correlation coefficients of 0.55 and 0.6?. Total and animaf

protein consumption was also found to be positively correlated with risk in

one within-country study (Kolone1 et a1., 198l-b, 1983), and a tendency of a

positive association with prostatic cancer risk was for.md for total protein

intake in one case-control study (Heshmat et a1,, 1985), but not in another

(Ross et aI,, 1987). There are no data on total or animal protein from cohort

studies. Information on proteins from vegetable sources is not available and

there are no data on protein from animal studies. In conclusion, a moderately

strong positive association of prostatic cancer risk and the consumption of

total andlor animal protein is a somewhat consistent finding'

rate. A moderately strong positive association (correlation

coefficients of 0.62 to 0.64) has been reported in three international cor-

relation studies for sugar(s) (Armstrong and Dol1, !915; Howel1,1974;

schrauzer, 1976b). In one case-control study, carbohydrates were included,

and no relation between risk and the intake of total carbohydrates was found

(Heshmat et aI., l-985). Thus, there are very limited indications that the

c. ca
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consumptj-on of oligosaccharides is positively associated wj.th prostatic cancer
risk. No conclusion is possible for the intake of polysaccharides and for to_
tar carbohydrate intake. No data from ani.mal studies are avail_abre.

q. Dietary Fiber. Total intake of dietary fj,ber was found not to be
associated with
et al., 1985). ,

cancer risk.

r risk for prostatic cancer i.n one case-control study (Heshmat
No other data are availabr.e on dietary fiber and prostatic

6. Vitamins

Vitamin A and Carotenoids. a positive relationship between prostatic
cancer risk and the intake of vitamin A was found in three case_control
studies (Graham et al., L983; Heshmat et ar., 1985; Kaul et ar., r,987; Koronel
et al., 1985; 1987), but not in two others (Middleton et a1., !987; Ross et
df', 1987). A positive association was found in a cohort study conducted in
the united states for the consumption of vitanin a supplements, but no as-
sociation for dietary vitamin A or 6_carotene (paganini_Hi11 et al, , lgBT).
serum retinol 1eve1s were sigrnificantly higher in users of vitamin A supple_
ments than among nonusers (paganini-Hilr et aI., 1985). rn a withi-n-country
correlation study done in Hawaii, no association with risk was found for the
estimated intake of total vitamin A (Ko1onel et a1., 1981b). In two United
states cohort-based, case-control studies, serum l-eve1s of retinol in pros-
tatic cancer patients were compared with control values. rn one study there
was a slight tendency for retinol leveLs to be lower in cases than in controls
(Kark et aI., 1981). rn a further fo]Iow-up of this study, including 1.4 pros-
tatic cancer cases, thi,s tendency virtually disappeared (pe1eg et aL., 1984).
rn the other study there was no association with risk for serum Levels of
retinol, retinol-binding protein, or carotenoids (Wi11ett et a1., 19g3, 1984).

The results from the case-control studies need some further detailing. rn
the study by Graham and co-workers (1983) on US Whites, vitamin A intake vlas
carculated and divided in quartiles. Cases and controfs of 70 years and older
and younger than 70 years were also disting,uished. Relative risks for each
guartile relative to the lowest intake quartile were calculated for the two
age groups and for all ages together. For all ages and for the group of 7o
years and oIder, relative risk increased significantly (see Table rx). For
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the younger than ?0 group, there was a non-sigrnificant (P > 0.05) tendency for

Such an increase. There was, however, no perfect dose-response relationship

for any of the age groups. In each of the three age groups risk was highest

inthesecondhighestintakeguartileanditwentdowninthehighestintake
guartile (Table IX). l{iddleton et a]. (1987), probably using the same study

population as Graharn et al. (1983), divided vitamin a intake in tertiles'

They found age-adjusted relative risks of 1'OO' 1'10' and 1'27 for the low'

intermediateandhighintaketertiles,respectively.Theincreaseofthe
latter two relative risks was not significant, nor was the increasing trend'

InthestudybyHeshmatetal.(1985)onUsBlacks,themeanintakeofvitamin
Aper1000calorieswascalculatedfromdietaryinformationobtainedfromeach
subject for two age periods, 30-49 years and 50 years and over' on these

data,apairedt-testwasperformed.Themeanintakedifferencebetweencases
and controls was 875 international units (IU) for 30-49 years, which was

highly significant, and 703 IU for the period of >49 years' which was border-

line sigrnificant (Tab1e x). In an extension of this study (Kau1 et aI" 1981)'

TABLE rx. Prostatic Cancer Risk and Vitamin A lntakea

Relative risk

Vitamin A
intake All agesc 69 years and youngerd'u 70 years and olderc'd

< 50,500

50,500-100,499

100,500-l-50,499

> 1"50,499

1.00

1 .40

2.38

1 .80

l_ .00

1,.20

2.05

1.64

1.00

1.59

2.14

1-.91

a adapted from Graham et a1, (l-983); calculated for 262 prostatic cancer cases

. and 259 controls-b 3$j;i""*"r""ai"ia"d into approximate quartires. vitamin A intake is given

in internationaf unils/month as calculated from food-frequency data'
! P < O.Of for linear trend.d'a."ri;;tghi p";"""t of the subjects were 69 years or younger, and 50% were

70 vears or older.e P >'0.05 for Iinear trend.
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TABLE x. Average intake of Vitamin A from Food Sources in prostatic Cancer
Patients and Controls for T\^ro Age eeriodsa

39-49 years 50 years and older

Study: nb BC -b BC

Cases

Controls

5,228d

4, 353

5,030

4,17 4

5,035"

5,332

6,1,16"

6,196

u vitu*i., A intake is given in international units/000 cal-ories per day, and
O w1s calcylated from food-freguency data and serving size data.
; lqaeteq from Heshmat et a1. (1985); 1B0 case-control pairs.
I |aap!e! _rr9m K1u1 et al. (19S7); 55 case-conrrot pairi." P < 0.007 for difference with controls (paired t-iest)." P < 0.069 for difference with controls (paired t-test).

1987),a sinilar but nonsignificant (p > 0.05) difference was found between
cases and controls for the 30-49 years age period (956 ru; see Table x). For
the 50+ years period, however, cases reported a somewhat lower intake of
vitamin A than controls (difference 620 rui see Table x). The third study, by
Koloner and co-workers (1987), was conducted among the various ethnic groups
living in Hawaii. rhis study seems to be the most rel-iabl-e one in terms of
the estimation of the intake of vitamin A (see section rv.A.2), assessing
vitanin A intake from frequency and amounts consumed of more than 100 food
items, representing over 85% of total vitamin A i.ntake. r\^/o other studies
(Heshmat et al., 1985; Graharn et al., 1983) did not j.ndicate how many or which
food items were covered, whereas freguency-of-use of only 20-22 food catego-
ries was obtained by Middleton et al. (1987) and by Ross et a1. (1987); all
these studies were based on rather short interviews. rn the Hawaiian study
mean weekly intakes as well as guartiles of vitami.n A intake were distin-
guished and odds ratios were carculated rerative to the lowest intake quar-
tile. Al-so in this study, as in the study by Grahan et ar. (19g3), subjects
of younger than 70 years and subjects of io years and older were distin-
guished. A1so, total retinol, and totar carotenes, B-carotene, and carotenes
other than B-carotene were distinguished. Data for all ages together were not
presented. No association was found with any of the indices of vitamin a
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intake for the younger than 70 years age group (Tables xIA and xIB). For the

70 years and older group, the average weekly intake of total vitarnin A, total

carotenes and &-carotene were significantly higher in cases than in controls,

and intake of retinol and carotenes other than B-carotene tended to be higher

(Table XIA). In this groupr there was also a significantly elevated odds

ratio for the highest guartile of intake for total vitamin A and total retinol

(Table XlB). The odds ratio for the intake of total carotenes was increased

significantly for all three quartiles higher than the lowest (Tab]e Xrn) '

This latter finding was further analyzed in the various ethnic groups in the

cohort, and a sirnilar significant elevated odds ratlo was fognd for Caucasian

and Japanese men separately (Tabte xIB). significant trends for the odds

ratios to increase with increasing intake were found for total vitamin A and,

for caucasians on1y, total carotenes (Table xIB). Trends for total retinol

and, in all races and Japanese, total Carotenes were borderline significant'

Younger than 70 Years 70 years and older

Vitamin A
component

Cases
(n = 189)

Controls
(n = 391)

Cases
(n = 261)

Controls
(n = 508)

Total vitamin A (ru)
.bRetinol ( r,q )

Totaf carotenes (l-rg)

6-carotene (lg)

Carotenes other than
6-carotene (,u9)

11 ,200

9,600

32, 300

22,100

l-0,200

83, 500

10, 500

34 ,600

23,100

10,900

87,9O0c

9,800

39,2ooc

2l ,2OOc

l-2,000

18,200

8,600

35,200

24,300

10,900

I eaapt"d from KoLonel et aI. (1987).
' rncludes supplement use.

" p-i-olos-l*iiip:_" analysis of covariance, adjusted for age and ethnicity).
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TABLE xIB. Prostatic Cancer Risk and Vitamin A Intake in Cases and ControLsa

bOdds ratio

Intake quartile
Total

vitamin ac
Total

retinol

Total carotenes

c A11 ,a"u= Caucasians Japanese

69 yeqrs and younger:
1 (IowesEI-

3

4 (highest)

Linear trend:

70 years and older
l" (lowest)-

Z

3

4 (highest)

Linear trend:

1.0

1.3

t-.0

0.8

P = 0.16

1.0

0.8

1.1

0.9

P = 0.82

1.0

1.0

1.2

7.4

P = 0.10

1.0

1,.2

1.1

0.9

P = 0.48

NP

NP

NP

NP

j

NP*

NP

NP

NP

1.0

L.4

1.3

2.0

P < 0.01

1.0

1.5-
.-e
-t. b

1 .6"

P = 0,08

1.0

1.0

1.1

P = 0.03

l-.0

1.8

1.6

2 -7"

P = 0.10

a
b Adapted from Kolonel et a1. (1987).

Carculated using multiple logisti.c regression anarysis adjusting for age
and ethnicity.
Includes vitamin A supplements.
NP = not presented.
P = 0.05 for difference with lowest intake guartile (logistic regression
analysi s )

c
d
e

Thus, the finding of increased risk for prostatic cancer with increasing
intake of vitarnin A is somewhat consistent among these studies, which were a1l
based on vitamin A i.ntake estimated from food consumption data. The study by
Kolonel et aI. (9187) suggests particularly carotene intake to be positively
related with risk. Also consistent is the observal--ion that this was par-
ticularly true for men of 70 years and over, and less so or not at ar1 for men
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that were younger than 70 (Kolonel et a1,, 1985, 1987; Graham et a1., 1983).

The finding by Heshmat et al. (1985) that vitamin A intake between 30 and 49

years of age correlated better with risk than does the estimated intake for

the period beyond 50 years is not well comparable with the results of the two

other studies. The results of the foIlow-up study by Kaul et aI. (1987), were

similar to those of tteshmat and co-workers (1985), and those of Middleton et

al. (1987) were comparable to those obtained by Graham et aI. (1983), but in

neither case statistical sigrnificance was reached. Ross et a1. (1987) was the

only case-control study that show no association between risk and vitamin A

intake, but the results were suggesLive of a protective effect of p-carotene

in men consuming little fat. The studies that did not fj.nd a (significant)

positive association did not distinguish between older and yolrnger patients.

The studies that did make this distinction, however, al1 showed a positive as-

sociation, particularly for older (70+ years) men' This difference may ex-

plain dicrepancies between studies.

The results of these case-control studies contrast sharply with data from

in vitro studies on the effects of vitanin A on carcinogen-induced effects in

rodent prostate tissue (see Bosland, 1985). Treatment of mouse and rat ventral

prostate explant cuLtures with chemical carcinogens for 7 to 10 days results

in the development of hyperplastic, squamous metaplastic and dysplastic

changes and enhancement of cel-1ular proliferation in the prostatic epithelium

(chopra and wil-koff, 1-916, 1979; Lasnitski, 1955, 1974, t9'76i Lasnitski and

Goodman, 1,g74) - Both indirect-acting carcinogens, benzoIa]pyrene and 3-

methylcholanthrene, and the direct-acting agent N-methyl-N'-nitro-N-

nitrosoguanidine have this effect. Vitamin A counteracts these effects when it

is added to the medium with the carcinogens, and it reverses these effects

when it is administered to the explants after carcinogen exposure. Both all-
trans-retinol and B-retinoic acid, which are naturally occurring retinoids,

have this protective effect, retinoic acid being more potent. These effects of

naturally occurring retinoids have only been studied in mouse ventraL prostate

explant cultures. Thus, in mouse ventral prostatic explants, vitamin A inhi-

bits the induction of morphological changes by chemical carcinogens and it

reverses these changes once they are induced.

There is one animal, study on the effect of vitamin A on the growth of the

transplantable Dunning prostatic carcinomas R3327H and R3327HI (Clinton et

-60-



a1', l-985). Growth of neither tumor line was affected by vitamin a defl,ciency
or vitamin A supplementation of the diet.

Most of the data from case-controL studies discussed earlier suggest a
positive relation between vitamin A,/g-carolene intake and human prostatic
cancer risk, but there are conflicting data from some other case-control
studies and from a within-country correlation study. rurthermore, data from
in vitro studies would support a protective role of vitanin A. Therefore, a

definitive conclusion as to whether vitamin A andlor p-carotene intake posi-
tively related to prostatic cancer risk is not possible at present*.

b. Vitamin C. In one of Lhe three case-control studies that showed a posi-
tive relation between prostatic cancer risk and vitamin A intake (Graham et
dI., 1983), there was also a positi.ve relation with vitamin c intake. rn the
highest intake guartile, the relative risk was sig'nificantly elevated in com-

parison with the lowest intake quartile in the 70+ group, while there was a

nonsigrnificant elevation in the highest and second highest quartile in the
younger than 70 group. However, in the two other case-control studies that
showed a positive relation between risk and vitamin A intake, no relation with
vitamin C intake was reported (Heshmat et a1., l_985; Kaul et al., 19g7;
Koloner et aI., 1985). Also, no association between prostatic cancer risk and
vitanin C intake was found in a within-country correlation study (Kolonel- et
a1., 1981b). rn summary, most information on vitamin c indicates that the in-
take of this nutri.ent is not related to prostatic cancer risk, but there are
some conflicting data.

c. Other vitamins. There are few studies in which vitamins other than A
and C have been investigated. Without showLng the actual data, Heshmat and co-
workers (1985) reported that there was no associatj,on with risk for prostatic
cancer for riboffavin, niacin and thiamine in their case-control study in us
elacks. rn a follow-up study (Kaul et a1., 1987), a significant negative as-
sociation was found for thiarnine and riboflavin, but not for niacin. willett -

Note added i{r proof: A Japanese case-control study [Ohno, y. et a]. (1988)
cancer Res. 48, 1331-13361 foturd a decreased risk for prostatic cancer with
increasing ft-carotene and vitamin a-fntal<e i-n men of all ages and of 70-79
years, but not in younger men. These results strongly support the conclu-
sions drawn here.
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et a1. (1983, 1984) found no differences between prostatic cancer cases and

controls for serum levels of vitamin E and total carotenoids.

7. Trace Elements and Contarninants

This section will be limited to a discussion of the trace elements

selenium and zinc and the contaminant cadmilrn, There are virtually no data on

other trace elements, except one report on iron intake in a case-control study

indicating that there were no differences between cases and controls (Heshmat

et a1., 1985). In a fo11ow-up study (Kau1 et al-.,1981) a negative association

was found for iron. There are no data available for other environmental con-

taminants in food than cadmium, and its relatj.on with prostatic cancer.

a. Sel-enium. Schrauzer and co-workers (1977a,b) calculated per capita

seleni-um intake figures from known data on the average selenium content of

different foods and food consumption data from the FAO for 1'964-L966. They did

not take into account regional differences in selenium content, but they did

exclude New Zealand, which j-s a known selenium-deficient area, from their

analysis. A highly significant (P < 0.0001) correl"ation coefficient of -0.55

was found for the estimated selenium intake and prostatic cancer mortality for

tg64-1g66 for 21 (Schrauzer et a].,1911a1 or 28 countries (Schrauzer et d1',

1977b). They also measured the selenium content in whole blood obtained from

blood banks in 22 d,ifferent countries and found a significant (P < 0.001)

negative correfation (-0.12) with prostatic cancer mortafity (Schrauzer et

aI., l-9?7a). The same investigators also measured whole blood sefenium con-

centrations in pooled blood from blood banks in 19 states in the United

States. No association, however, was found with prostatic cancer mortality in

these states for 1959-1961 (Schrauzer et al., t917a,b\. Willett and co-workers

(1983) measured sefenium in serum from 1l- prostatic cancer patients and age-

matched control subjects. Patients had lower serum selenium 1eve1s (0.128

pg/r1l than controls (0.139 pg/n\t), but this difference was not statistically
significant (p = 0.12). In conclusion, there are very limited epiderniological

indications that seleniun intake is negatively associated with the risk for

prostatic cancer.

b. Zinc. An international correlation study by Schrauzer and colleagues

(1'g17bl showed a significant (P < 0'001) positive correlation (0'52) between
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prostatic cancer mortality in 27 differenl countries (1964-1965) and the es-
timated daily intake of zinc (1964-1966). No association was found between
whole blood levels of zj.nc and prostatic cancer mortality in l-9 states in the
united states in a study by the same group (schrauzer et ar., 1977b) using
pooLed blood samples obtained from 1oca1 blood banks. There is one case-con-
trol study that compared serum leveLs of zinc in prostatic cancer patients
with those in pati.ents with benign prostatic hyperplasia (BHp) (vihelan et a1.,
1983). cancer patients had significantly lower serum zinc leveIs than BHp

patients. There were no controL subjects incruded in this study, which
severely limits its value. Because there are no other data that are directly
concerned with dietary zinc and prostatic cancer risk, a concLusion on whether
zinc may be related to prostatic cancer risk is not possible. Other informa-
tion, however, supports the suggestion that zinc is somehow related to the
development of prostatic cancer. This is further detailed in the discussion
( see Section IV.D.1. c ) .

c. Cadmium. For nonsmokers , the main source of exposure to cadmium is
through contaminated food, resulting in an average daily intake of 20 ug in
the United States and western Europe (piscator, 1981), Schrauzer and co_
workers (l971bl reported a positive international association (correlation
coefficient, 0.52; p < 0,001) between prostatic cancer mortality and exposure
to cadmium through food products, as estimated from cadmium concentration data
and food consumption data from the FAO Food Balance Sheets from 1964-1966, in-
cluding data on Japan and the united states. rn Japan, food revels were half
the 1eve1s in the United States. These findings are at variance with other
data indicating that the food levels in Japan are more than twice those in the
United States (piscator, 1981). Schrauzer et a1. (Lg17b) did not find an as_
sociation in the United States between prostate cancer mortality and cadmium
level-s in pooled blood from blood banks in 19 states. Berg and Burbank (1912)
studied correlations between concentrations of trace metals in water supplies
and cancer mortality in 16 areas in the United states. They did not find a
correlation between cadmium leve1s in the drinking water and prostatic cancer
mortality. For the various studies concerni.ng occupational exposure to cadmium
and prostatic cancer, the reader is referred to Section V.A.3.

Cadmium is carcinogenic to rats by inhalation exposure and subcutaneous
injection. Lifetime observatj.on in an j.nhalation experiment on exposure of
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male rats to aerosols containing cadmium chloride at fevels of 12'5-50 pg/n3l

for 18 months, showed in the induction of tung tLrmors (predominantJ-y adeno-

and sguamous-celI carcinomas) in 15-112 of the animals (Takenaka et a1"

1983). Subcutaneous iniection, either single or repeated, of several cadrnium

compounds has long been known to cause sarcomas at the site of injection and

Leydig cell tumors of the testes (Gunn et a1', 1963, L964i Haddow et dI"

7964; Levy et dl., 1973). Levy and colleagues (19?3) specifically examined

histologically the accessory sex glands of rats that had been exposed to

0.022, 0.044, and 0.087 mg cadmium (as cadmium sulfate) by subcutaneous injec-

tion, once a week for 2 years. No specific lesions were foLuld in the prostate'

Kidney cadmium levels were approximately l4O, 250, and 475 pg/g fot the three

dosed groups respectively. scott and Aughey (1978) reported "a possible early

adenocarcinoma" in 1 out of 50 rats that were injected with cadmium chloride'

The vagueness of thi.s report and the extremely high doses of cadmiun (nore

than 1etha1) that were reportedly given make this study of very limited sig-

nificance (Piscator, 1981). A very recent preliminary report byWaalkes et aI'

(1987) indicates that cadmium administration in wistar rats at very 1ow doses

(subcutaneous or intrarruscular injection of 0.25 plI.ol-&g), that lack tes-

ticul-ar toxicity, enhances the formation of naturally occurring ventral pros-

tatic proliferative lesions. Their incidence increased from 11% in controls

to 28-362 in treated animals afLer 2 years of observation. The lesions were

predominantly atypical hyperplasias and adenomas (M.P. waalkes, personal

communication). zinc prevented testicular toxicity of a higher dose of cad-

miun ( 30 unol/kgl and the combined t-reatment al-so enhanced the fornation of

the prostatic lesions. These data were interpreted as indicating that cadmium

exposure in rats with intact testicular function (androgens ?) enhances pros-

tatic carcinogenesis. Interestingly, a deficiency of metallothionein was oF

served in the rat ventral prostate.

There are several reports of the effects of oral treatment of experimental

animals with various cadmi\rm compounds. Cadmium is not carcinogenic to rats

when administered to groups of 50 animals of each sex at each dose, mixed

through the di-et at a level of 10 or 50 ppm cadmium (as cadmium chloride) fot

2 years (Loser, 1980). At the highest dose Ievel, a s]ight, but significant (P

< 0.01) growLh depression was observed in maIes. When administered to rats and

mice (50 animals of each sex per group) via the drinking water at a level of 5

ppm (probably as cadmium acetate; there is no expticit information about this
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in the publication) for Ii.fe, no carcinogenicity was detected (Schroeder et
a1., L964,1965), In maLe rats there was a lower final body weight and an in-
creased mortality in the dosed ani.mals. Administration of cadmium (as sulfate)
once weekly by gavage to male rats for 2 years and to male mice for 18 months

did not result in detectable carcinogenicity (Levy and clack, 1975; Levy et
a1., 1975). The dose levels were 0.087, 0.LB and 0.35 ng/kg per week for rats,
and 0.44, 0.BB and L.75 ng/kg per week for mice. There were 30 rats and 50

mice per dose 1evel. No effects were observed on growbh. rt has been argued
(IARC, 1,976i Piscator, 198L) that the levels in these experiments were too
l-ow. However, in the stucies by Lcjser (19s0) and schroeder and co-workers
(1964, 1965), there was some evidence of toxicity indicated by growth depres-
sion, at the highest dose 1eve1s. on the other hand, kidney cadmium ]evels,
which are good indicators of exposure (Friberg et aI., !914), were Iow to very
low in the studi.es in which they were measured, Levy and Clack (1975) found an
average of 5.2 pg/g (range 2.8-10.1) in rats of the highest dose group (0.35
mg,tkg per week) at the end of 2 years of exposure. In the experiments by
Schroeder and co-workers (1964, 1965), l-evels of 2.94 and 0.71 pq/g were folx.td

for mice and rats after 1,.5 and 2 years of exposure to 5 ppm in the drinking
water, respectively. rn the study by Loser (1980), no tissue levers of cadmium

were reported, but in a short-term study by the same group (Loser and Lorcke,
1971 ) , kidney cadmium levels of approximately 5 and 12 pg/g were found after 3

weeks of feeding 10 and 30 ppm cadmi.um, respectively, rn men, however, renal
cortex cadmium fevels increase steadily with age until IeveIs of 1,0-lo0 pg/g
are reached at age 50-60 (Friberg et al., L9j4). Smokers have leveIs that are
about three times hj.gher than in nonsmokers, while men who are occupationally
exposed to cadmium can have renal- cadmi.um leve]s as high as 300 pg,tg (Friberg
et aI. , t974). rn nonsmokers levels are between 10 and 25 ltg/g for men between
40 and 60 years of age (Friberg et al-.,1-974). Thus, only in the study by
Loser (1980) were renal cadmium 1eve1s possibly present that were cornparable
to those found in lightly exposed humans. rn conclusion, the exposure levers
that were applied in the oral dosing studies with cadmium in rats and mice
were, with one possible exception, too 1ow to result in a body burden that is
comparable to that of nonsmokers with a "normal" exposure to cadmium
(Piscator, 1981). rn addition, with the exception of the studies by schroeder
et a1. (7964,1965), the maxirmm study durati.on was 2 years or 1ess. Thus, aI-
though in some studies slight signs of toxi.city were reported, the preceding
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experiments should be considered as inadequate to assess oral cadmium car-

cinogenicity properly, because the dosages of cadmium used were rather low,

and because their duration was too short given the fact that prostatic tumors

in rodents do not develop Spontaneously until very oId age. The prostate was

not routinely examined in the studies by Schroeder and co-workers (1964,

1965). In the study by Lcjser (1980) the male accessory sex glands were ex-

amined histologically, and the studies by Levy and Clack (1975) and Levy et

al. (19?5) were specifically designed to assess Lhe possible carcinogenicity

of cadmium for the prostate, and a careful histological- examination of the ac-

cessory sex gland conplex was carried out.

There are three studies in which cadmiurn was injected into the prostate of

rats (Gunn et a1., 1-967; Hoffmann et aI., L9B5; Scott and Aughey, L918)' The

results are conflicting. Hoffmann and co-workers (1985) injected 0.04 mI of a

0.1 M cadmium chloride solution (0.44 mg cadnium) into the right ventral fobe.

The animals were 12 rnonths o}d at the tine of injection, and they were fol-

lowed for at most 270 days after treatment. Invasive carcinomas were reported

in 5 of 100 rats, dysplastic lesions in 1l- of 100 animals and atypical hyper-

plasia in 29 of 100 rats. In controls (saline treated) and rats that were

treated with zinc chloride, no carcinomas or dysplasias were found and atlpi-
cal hyperplasia in 5 and 20 % respectively. The lesions were for:nd in both the

right and left ventral lobes, although cadmium was injected only into the

right Iobe. In 16 of 100 animals, the right l-obe was excised 200 days after

cadmiun injection. Still, in 3 of these rats invasive carcinomas developed,

while in the 84 nonexcised rats 2 carcinomas developed, resulting in the total
incidence of 5 of 100. The carcinomas did not have the typical appearance of

spontaneous ventral prostatic tumors, i.e., cribriform-comedo type adenocar-

cinomas, but they were poorly differentiated solid carcinomas. No other tumors

were reported in the prostate -- specificall,y, no mesenchlmal tumors. Scott

and Aughey (1978), however, reported mainly "supportive tissue tumors," i.e.,
mesenchymal tumors, after injection of cadmium chloride (0.05 m] of a l- M

solution) into the dorsal and ventral- prostate in a total of 201 rats that

were 6 weeks old at the time of the injection. No (adeno)carcinomas were

reported, and the study duration was not j.ndicated, Both studies have severe

weaknesses that limit their significance. The fact that Hoffmann and co-

workers (1985) found proliferative lesions in both right and left ventral

lobes, although ca&niun was injected only in the right lobes and that they
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found carcinomas even though the site of injection (right lobe) was excised
200 days after the experiment sheds doubt on the reliability of their observa-
tions. Moreover, their microphotographs are not convincing. The study by scott
and aughey (1978) is not convincing, because the doses they reportedly used
are lethal (Piscator, 1981; Hoffmann et a1., 1985), and their report is very
sketchy. Gunn and co-workers (196'll i.njected 0.17-0.34 mg cadmium (as cadmium

chloride) into the ventral- prostate of an unspecified number of rats. No

tumors were found at that site. rn conclusion, studies on the local injection
of cadmium into the prostate have yielded contradictory results.

A very interesting in vitro study on the effects of cadmium chloride on
primary cul-tures of epithelial and mesenchymal prostatic cells frorn rat
(ventral lobe), baboon, dog and man was recently reported by Terracio and
Nachtigal ( 1986 ) . ertotoxicity and transforming effects were studied
separately. Fibrobrasts were more susceptible to cadmium cytotoxicity than
epithelial ce1ls i.n all four species. Human cerls were least susceptible, and
rat cell-s most susceptj.ble to cadmium cytotoxicity, rat ceI]s being some zoo
times more sensitive. Baboon cel-Ls and dog ce11s were more sensitive than
human cel-Is but less than rat cell-s. rnterestingl-y, webber (1985) reported
that cadmium at low concentrations stirmrlates the in vitro growth of normal
human prostatic epithelial ce1ls, and that this effect of cadnium is inhibited
by nontoxic levels of selenium. Terracio and Nachtigal (1986) reported fur-
ther that subcul-turing after treatment with the approximate LC5o of cadmium

resulted in immortalization of only rat ce1ls. Ce11s of the other species
could not be immortalized with this cadmium treatment. T\uo epithelial rat ce11
lines and two fi.brobLastic rat ce11 ]ines were thus derived. These Lines were
characterized using immrnohistocheni.stry (keratin), electron microscopy and

karyotyping. A11 four lines had an abnormal karyotype. Thus, it appears that
there are distinct species differences for the in vitro effects of cadmium on
prostatic cel-Is. The most important observation is that human ce1ls could not
be transformed, while rat ce11s could. This has some bearing on the evaluation
of cadmium as a carcinogenic hazard for man. tn addition, if there are species
differences, there may well be strain differences that could explain the con-
tradictory resul-ts of Gunn et aI. (1,96j), Scott and Aughey (1978), and
Hoffmann et al. (1985) discussed earlier. Also, it would be very interesting
to know whether there are differences between the different lobes of the rat
prostate in sensitivity to the cytotoxic and transforming effects of cadmium.
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In conclusion, there are very limited indications -- from one epidemiolo-

gical study -- that cadmium intake from food sources may be positively

associated with prostatic cancer risk. Some other epidemiological data and

resul-ts from most animal studies do not support any such relation. However,

the aninal studies on oral exposure to cadmium are probably inadeguate to

properly assess the carcinogenicity of cadnium. In animal studies with

parenteral administration of low doses of cadmiLm that lack testicular

toxicity, enhancement of naturally occurring proliferative lesions in the

ventral prostate were found (Waalkes et af., 1987). The findings of Hoffmann

et a1. (1985) (that ventral prostatic carcinomas can be induced by local in-
jection of cadmiun) support the observations of waalkes and co-workers.

Mechanisms underlying this possible carcinogenic effect of cadnium include

direct carcinogenic activity towards the prostatic epithelium and a lack of

metallothionein defense systems in the prostate. Cadmium may also act as

cocarcinogen, since it enhances the mutagenic activity of MNU, a known

initiator of prostatic carcinogenesis (Bosland et dl., 1983) in the

Salmonella-microsome test of Ames (Mandel and Ryser, 1987). In vitro

experiments have indicated that, unlike rat prostatic epithelial ce1ls, human

prostatic epitheliun cannot be transformed by cadnium exposure as determined

by the development of immortalization, Thus, overall there is very limited, if

dr{r evidence that cadmium exposure is related to prostatic carcinogenesis in

man (see also Section v.A.3). Lifetime oral dosing studies in rodents with

appropriate IeveIs (sufficiently low to avoid testicular toxicity, but high

enough to result in prolonged exposure at Ievels comparabl-e to or higher than

those in humans, as determined by tissue concentrations) of cadmium are highly

warranted.

B. SEXUAL FACTORS

The possible relation of prostatic cancer risk with various sexual factors

has been investigated in ten case-control studies I know of (Aanerjee, 1986i

Jackson et aI.,1975,1981; Krain,1913,\974i Lees et a1', 1985; Mishina et

dI., 1981, l-985; Ross et al., 1981; Rotkin, t911, t980,1983; Rotkin et aI''

L979; Schuman et aI. , 1917, 1982; Steele, et a1. , 1911). Several of the re-

ports available have to be considered as preliminary (Jackson et aI., 1915,

19Bl-; Schuman et a1., 1982) or are of limited significance due to the sma1l

number (39-40) of cases involved (Schuman et aI., L911i Steele et aI., t97L)'
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The other studies invol-ved 100 (Mishina et dr., 1981; L9B5), 111 (Rotkin,
L971), 205 (Rotkin et a1., 1"980), and l-36 and 22I age,trace matched case-con_
trol pairs (Krain, 1973, 1974), while Banerjee (1986) studied t4g cases and
274 age/race/wei.ghL matched controls. Ross et al. (1987) studied 142 black
and 142 white agelresidence-matched pairs. Lees and co-workers (1995) used 83

cases and for each case two age-matched controls, one BHp pati,ent and one
hospital control-. The study by Schuman et a1. (1,975, tg}2) had neighborhood
controls j.n addition to the hospital controls used in al-l other studies. The
study by Mishina and co-workers (L98J-, 1985) was conducted among Japanese in
Japan. The other studies were all done in the usA. The study by Jackson and
colleagues (L975, 1981-) involved only US Blacks.

A consistent finding was the observation that the prostatic cancer pa-
tients had a higher sexuar drive than the contrors, as indicated by a greater
interest in intercourse (Steele et aI. , 1,97L), more frequent use of prosti_
tutes (schuman et al-. , 7917, 1,982), younger age at first coitus (Mishina et
d1 . , 1981, 1985; Rotkin, L911 i Rotkin et af. , L979) , earlier onset of
masturbatj,on (Rotkin, 1977; Rotkin et ar. , 1,919), and higher frequency of
masturbation (Schuman et al. , t9B2).

other studies found that prostatic cancer patients had a lower frequency
of intercourse than the controls (Rotkin, 1977; Rotkin et ar. , t979; schuman
et al., 1-975, 1982; steele et aI., 1g].1), particularly at older age (Mishina
et df., 1981, 1985; Rotkin, L977; Rotkin et aI., Lgjg). However, Mishi.na and
co-workers (1981, 1985) reported that prostatic cancer patients had a higher
frequency of coitus than controls at a younger age, particularly during
adolescence, and showed a l-ower frequency only at ages over 60 years. Krain
(1974) reported a higher freguency of coitrls i.n prostatic cancer patients than
in controls at older ages. Ross et al. (1987) found no difference between
patients and controls in US Blacks and Whites for the frequency of intercourse
at any age. Age at first ejaculation was younger for patients than for con-
trol-s in some united states studies (Rotkin, 1977; Rotkin et ar. , L979i
schuman et a1., L917, 1,982), whereas Japanese were older at first ejaculatj.on
(Mishina et a1., 1981, 1985). Interestingly, prostatic cancer patients have
been reported to have a higher average freguency of ejaculation (by inter-
course or other means) than controls over their entire sexually active life
(Banerjee, 1986).
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contradictory findings were reported for the number of sexual partners,

coitus freguency at young ages, and age at first nocturnal emission. some

studies included a number of other variables that were not covered by any of

the other studies (Mishina et aI., 1981, 1985; Rotkin, 1-911; Rotkin et dI''

lg"tg). They are not discussed here because it is not possible to properly in-

terpret them.

In general, the findings of the various studies are difficult to compare,

because slight to narked differences between studies exist in the definition

of the variables investigated. Furthermore, it should be realized that

generally answers to questions about sexual fife, and in particular questions

about sex at younger ages, are probably not very reliab1e, in part due to the

oId age of the patients. Nevertheless, a general pattern seems to evolve from

these studies, implicating sexual factors in prostatic cancer risk. In com-

parison with controls, prostatic cancer patients have (1) an earl-ier onset of

sexual activity in any sense, (2) show a higher sexual drive, especially at a

young age, (3) have, notwithstanding their high sexual drive, a lower fre_

quency of intercourse, especialty at older ages, or have a higher freguency

until about 50 of age and a lower freguency thereafter. Interesting in this

respect is a report that prostate cancer mortality among united States

Catholic priests is somewhat higher than expected but not significantly higher

( Ross et aI. , 1981 ) .

Holman and co-workers (1981) reported a continued decrease in prostatic

cancer risk for successive cohorts born after the end of the last century in

Australia and England and wa]es, with the exception of middle-aged (50 to 69

years) men born shortly after 1910. They suggested as an explanation for this

cohort phenomenon a lowered sexual activity during the Great Depression of the

1930s as indicated by the low birth rate during that period. this would imply,

if their suggestion is correct, that lowered sexual activity between the ages

of 20 and 30 would increase risk. This is not inconsistent with the results of

case-control studies discussed earlier.

A consistent finding is that in prostatic cancer cases there is more often

a history of venereal disease (Krain, 1974; Ross et al.,1987i Schuman et aI',

1911, 1982; Steele et a1 ., tg11,). OnIy in the study by Mishina and co-workers

(1981, 1985) in Japan, was no such association found. Heshmat et aI. (1975)
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showed that prostatic cancer patients more often have a history of gonorrhea
than controls. Lees and co-workers (19s5) found a higher occurrence of
syphilis but not gonorrhea anong prostatic cancer patients than in controls.
Heshnat et a1' (7913,1975) suggest a causal rerationship between the peak i.n
prostate cancer mortality that occurred in 1964-l-965 in Denmark and a similar
peak in the incidence of gonorrhea 45 years earlier, from 1915 to 1920.
Actually, they show that the curve for the gonorrhea incidence rates from 1g95
to 1932 almost exactly para11e1s that for the death rates from prostatic
cancer from 1940 to 1970. Heshmat and co_workers (1973) speculated that com_
pJ-ications of preantibiotic treatment of gonorrhea may have played a role in
the development of prostatic cancer in those years, a peak in prostatic
cancer mortality for cohorts born at the end of the nineteenth century has oc_
curred in several populations as pointed out earl_idr (see Section II.H;
Ernster et al., L978b; Gordon et ar-., 196r; Holman et aI., r.9g1). Therefore,
the association found by Heshmat and co_workers (79731 between prostatic
cancer mortali-ty in Denmark in the early 1g60s and a peak in the incidence of
gonorrhea 45 years earrier may be purely coincidental. on the other hand, a
causal relation between prechemotherapy gonorrhea and prostatic cancer may in
fact exist in many populaLions and may explain the high risk anong birth
cohorts from the end of the rast century found in various studies.

C. OTTIER LIFE STYI,E FACT'ORS

smoking is a risk factor for several major human cancers (Do11 and peto,
1981)' Therefore, it seems relevant to review the studies that have examined
the possible association between smoking and prostatic cancer. rn the Dorn
study, a prospective study on smoki.ng and mortality in about z49,ooo united
states veterans, smokers showed an increased risk for prostatic cancer (Kahn,
7966). The mortality ratio for smokers versus nonsmokers was 1.71 for
cigarette snoking (p < 0.01), based on 582 prostatic cancer deaths out of a
total of 49,270 deaths. There was, however, no dose-response relationship with
regard to the number of cigarettes smoked per day. stocks (1970) found a
sigrnificant (P < 0.05) negative correlation between prostatic cancer mortality
and the annuar consumption of cigarettes per adult in 20 countries.

No associ-ation between smoking and prostatic cancer risk has been reported
in a large number of other studies: A prospective study in the united states
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(Hamnond,Lg66),acohortstudyintheUnitedStates(Whittemoreetal.,
1985), a geographical correlation study on tobacco use in the United States

(BreslowandEnstrom,l"gl4),aprospectivestudyamongBritishdoctors(oo11
andPeto,Lgl6),apatientinterviewstudy(T}JCS)intheUnitedStates
(williansandHorms,tgll|,andthreecase-controlstudiesintheUnited
States (Jackson et aI., 198Li Ross et a1', 1981; Schuman et aI' ' L911' !982)'

oneinJapan(MishinaetaI.,19Bl,l-985),andoneinltaly(Talaminieta1.,
].986).Inconclusion,althoughsomestudiessuggestare}ationbetweensmoking
and prostatic cancer, their results are contradictory, and a large number of

otherstudiesofvarioust}rpesindicatethatthereisnoevidencethatsmoking
influences risk for cancer of the prostate'

D. DISCT,JSSION AND CONCLUSIONS

Dietandnutritionaswellascertainsexualfactorsappeartobeas-
soci'atedwithhumanprostaticcancerrisk,whereasnosuchassociationhas
beenfoundforsrnoking,alife_stylefactorthatisrelatedtoseveralother
human cancers. These associations have largely been derived from epidenioro-

gical studies. Therefore the evidence for these is circurnstantial rather than

direct, as would be obtained from controlled human intervention studies and

animal experiments, Associations between dietary and nutritional factors and

prostaticcancerriskhavebeenfoundinavarietyofepidemiotogicalstudies,
such as international and within-country correlation studies, case-control

studies,andprospectivestudies.Thesedietaryassociationsaretherefore
probably more reliable than those for.rnd for certain sexual factors, which have

onlybeenderivedfrornCase.controlstudies.Inthefollowingsections,
dietary and sexuaL factors wiII be discussed separately, and some speculations

will be put forward about possible mechanisms of action'

l-. Diet and Nutrition

Aneva].uationoftheepidemiologicalevidencefordietaryassociations
withprostaticcancerriskhavebeenpresentedinapreviousreviewonthis
issue (Bos1and, 1985). some important epidemiological reports on diet and

prostatic cancer have recently been published, particularly concerning vitamin

A,andthereissomeinformationondietaryfatfromanirnal-studies'A
reevaluation of the associations between diet and prostatic cancer, taking
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into account these recent reports, is summarized in Tabre Xrr. This evalua-
tion is primarily based on the consistency of the results among studies and on
the strength of the associations found, rf available, information is arso
taken into accotu:t on "dose-effect" relations, on coherence between different
types of studies (epidemiological studies versus animar and in vitro experi-
ments), and, in the case of vitamin A, biological plausibility. Eat and
protein intake are most strongly and consistently associated with prostatic
cancer risk. These two variables therefore will be discussed in some detail.
rn addition, zinc and vi.tamin A wilr be discussed further: zinc because of
its important role in prostatic physiology, and vitamin A because it is cur-
rently the center of controversy because of the contradictory results of a
number of studies.

a. Fat, Protein and Ene Intake . Fat and protein consumption are rather
consistently found to be positively associated with prostatic cancer risk.
The association is most consi-stent and strong for fat from animal sources and
for saturated fat, and somewhat less consistent and strong for totar fat and
for total and animal protein. The data for (poIy)unsaturated fat and vege_
table protein, on the other hand, are inconclusive. Foods that are moderately
strongly and consistently associated with risk are edible fats and oils and,
to a lesser degree of consistency and strength, animal products that are
sources of animal fat and animal protein, i.e. meat(s) and eggs. The stronger
association for fats and oils than for animal products could be regarded as
support for the indications (see earfier) that fat is more strongly related to
prostatic cancer than protein is. Actua1ly, the fact that no vegetabJ.e foods
other than edible oiLs are positively associated with risk, whereas a1l animal
products, which are a good source of both fat and protein, are positively
associated with risk, would suggest that only fat is related to prostatic
cancer risk and not protein" Nevertheless, because of the high
intercorrelation between fat and protein, particularly from anirnal sources
(Armstrong and Do11, 19?5; schratzer, L916b), it is noL possibLe to ascertain
whether the reration with prostatic cancer risk is indeed mrch stronger for
fat than for protein. rn general, great caution i.s warranLed in the
interpretation of epidemiological data as evidence for a causal relationship
(N.A.S. , t9B2). only if animal data, mechanistic studies, and, idea11y,
intervention studies, which are all largely lacking at present, would support
the observed associ,ations, could a causal relation be regarded as very 1ike1y.
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TABLE XII. Summary of the Evidence for Associations Between Dietary Factors

and Prostatic Cancer Risk

Association Eoods Nutrients

Consistently stronglY Positive

Moderately stronglY/not fu11Y
consistentlY Positive

weakly/not consistentlY
positive

Weakly/not consistentlY
negative

No association (but some

conflicting data)

No association

Inconclusive/unknown

Animal/saturated fat

Edible fatsloils Total fat; total protein;

tteat(s) i eggs;
animal products;
sugar ( s )

01 igosacchar ides

Vitamin A- and
C-rich foods;
fiber-rich foods;
fi shlseafood

Sefenium

Alcoholic beve-
rages; wine/beer;
tea; coffee

Vitamin C

Milk ( Poly)unsaturated fat;
vegetable Protein; total
carbohydrate;Po1Y-
saccharide( s) ; dietary
fiber; vitanin E; zinci
vitamin A; carotenes

Interestingly,theintakeofcaloriesparticutarlyfromanimalsourcesis,
internationatly, highly correlated with prostatic cancer mortality or inciden-

ce(ArmstrongandDo1l,1975;Correa,1981;Roseetal''1986)'obesity'which
may be related to overconsumption of calories, has been found to be positively

associated with prostatic cancer risk in two large scale prospectirze studies

(Lew and Garfinkel, Lglg; Snowdon et a1', 1984)' and in one recent case-

control study (Talamini et a1., 1986). In four other case-control studies

(Greenwald et dI., 1974; Kolonel et aI., L98'7; Ross et a1., 1987; !'linder et

aI.,1971)andonecohortstudy(Whittemoreetal.,].986),however,therewas
no such association. Nevertheless, the studies that indicated an association

between prostatic cancer risk and caloric intake or obesity give some support

for the positive relation for:nd between risk and the intake of fat, which may

contribute as much as 40-45% of the total cal0ric intake in the western world'
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b. Vitamin A. The results of epidemiological research on the relation be-
tween the intake of vitamin A and prostatic cancer risk are contradictory and
confusing. some studies show a significant positive relation, others a sig-
nificant negative relation, and in sti11 other studies, no association was
found. There seems, however, to be a certain pattern to the resul,ts of
specific groups of studies. A positive relationship between prostatic cancer
risk was found in case-control studies only for older patients when these were
distinguished from younger cases (two studies) and only when the intake of
vitamin A and carotenes was estimated from food consumption data. No relation
or a negative relation was found in case-control studies (five studies) that
did not distinguish between younger and older patients and,/or investigated
only one or a few specific vitamin A-rich and/or B-carotene-rich foods, such
as carrots, liver, and (Japanese) green-ye}low vegetables The J.0-year forrow-
up of a Japanese cohort study also showed a significant negative relationship
between prostatic cancer risk and the consumption of green-yel1ow vegetables,
but the result of the 16-year fo]low-up of this study dj.d not confirm this
finding. rn another cohort study conducted in the United states there was a
positive association for the consumption of vitamin A supplements, but not for
vitamin A and p-carotene intake, rn a within-country correlation study con-
ducted in Hawaii, there was no association with risk for the estimated intake
of total vitamin A. The results of studies measuring serum l-evels of retinol
in prostatic cancer patients and controls are contradictory. However, except
in severe deficiency or overdose situations, serum vitami.n A levels are poor
indicators of vitamin A status (Olson, 1984).

Thus, vitamin A and/or carotenes may play a rore in the genesis of pros-
tati-c cancer that develops at order age ( resulting in clinicar prostatic
cancer at 70 years and older), but not when the disease develops earlier in
life. This is further discussed in section vrr. F\:rthermore, if rather ac-
curate measures of vitamin A and carotene intake are used ( food consumption
data), vitamin A and carotenes are positively associated with prostatic cancer
risk, whereas if less reliable measures are used (intake of one or a few
vitami.n A-rich foods), there seems to be no association or a negative re]a-
tion' The results of some studies are inconclusive, one possible explanation
for these divergent results is the following. The consLmption of some vitamin
A-rich foods, such as carrots or greeo/yel1ow vegetables, could be highly
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correlated with the exposure to one or more addi-tional factors that can in-

hibit the development of prostatic cancer in some way. Many such putative

cancer inhibiting factors can be present in vitamin A-rich foods. such as

protease inhibitors (Tro11 and wiesner, 1983), and certain indoles, aromatic

isothiocyanates, methylated flavones, and plant sterofs (wattenberg, 1983)'

on the other hand, the intake of vitamin A and carotenes, as calculated from

food consumption data, could be highly correlated with the exposure to one or

more prostatic cancer-enhancing factors. one such factor might be dietary

fat. The possibility that vitamin A and/or B-carotene or other carotenes

indeed somehow stimulate the development of prostatic cancer. This is,

however, biologically rather implausibte. vitamin A is generally suspected to

be an anticarcinogenic agent on the basis of both its actj'vity in various

cancer models and its cellular and biochemical actions (N'A'S' , 1982; Sporn

and Roberts, 1983) and carotenes are similarly regarded as anticarcinogens

(peto et aI., 1981). Vitamin A is required for normal differentiation

(structural and functional) of prostatic alandular epithelir.m (sporn and

Roberts, 1983), as vitamin A deficiency leads to prostatic squamous metaplasia

(Lasnitski , tg14; wolbach and Howe, 1925). In addition, there are retinol and

retinoic acid binding proteins in the human prostate, an observation suggest-

ing that vitamin A can directly affect this 91and (Boyd et a]., 1984). In

vitro data on the effects of vitamin A on carcinogen-induced changes in rodent

prostate explant cultures (see also Bosland, 1985) would also support the no-

tion of an inhibiting influence of vitamin A on prostatic carcinogenesis'

similar studies utilizing human prostatic tissue have not been reported, so

extrapolation of the rodent in vitro data is difficult. Kolonel et aI' (1987)

suggested that a positive association between vitamin a intake and car-

cinogenesis at several sites is a common finding in animal experiments, which

would support the observation of such a positive relation between vitanin a

intake and prostatic cancer risk in their case-control study, and the studies

by Heshmat et aI. (1985) and Graham et aI. (1983). This is, however, not so;

inhibition of experimental carcinogenesis is the ru1e, no observed effects are

less common, and enhancement is the exception (N.A.S. , L982; Reddy et a1.,

1980; welsch et al., l-985). In concLusion, it is not clear whether vitamin A

and carotenes are at all related to prostatic cancer risk, and, if it were'

whether such a relation would involve inhibiting or enhancing properties of

this micronutrient toward human prostatic carcinogenesis. Much nore research

of various types will be needed to clarify this issue'
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c. Zinc and Other Trace Elements. In one internat ional correlation study
a weak positive association was found between zinc intake and prostaLic cancer
rates. Because there are no other data avaj.lable, it is not possible to as-
sess the relation between zinc and prostatic cancer risk. There are, however,
a number of indirect indications that zinc may play a role in prostatic car-
cinogenesis (see also Bosland, 1985). Zinc accumulates to a greater extent in
the prostate than in any other tissue, both in man and rats (Daniel et a1.,
1956; Gunn and Gou1d, 1956), and there is a zinc binding protein in the rat
prostate (Thomas et al,, L9B1). Zinc l-eve1s in prostatic carcinoma tissue are
lower than in the normal human prostate (gabib et aI.,1976a, L979). zi.nc is
essential for prostatic function in man and rats (schenk, tg15), but not for
the normal growth and development of the rat prostate (Chandler et al., 1981).
Zinc alters androgen metabolism and prolactin binding in the human prostate in
vitro (Habib et al-., 1919i Leake et a1., 1984a,b). In rats zinc modulates
pJ-asma levels of pituitary hormones such as prolactin and luteinizing hormone
(Root et aI., 1979), and a variety of hormonal manipurations can affect zinc
uptake in the dorsolateral prostate (Muntzing et al.,1-g]-7). on the basis of
these data, it seems conceivable that zinc prays some role in the development
of prostatic cancer, but this is only speculation.

A role for cadmium and selenium in prostatic carcinogenesis is egually
speculative, and in fact it is more 1ike1y that cadmium plays no such role as
indicated earlier, on the other hand, selenium j.s a powerful inhibitor of
marunary carcinogenesis and of the development of a nurnber of other experimen-
ta1 tumors in rodents (Thompson et al-., 1981-; Medina, 1985). A sma1l number
of epidemiological studies suggests a negative association between prostatic
cancer risk and selenium intake. Thus, more research effort with respect to a
possible protective role of selenium in prostatic carcinogenesis is certainly
warranted. rnterestingly, zinc, cadmium, and selenium as well as vitanin A
have been shown to interact in a number of ways as indicated previously (see
Bosland, 1985). Most notably, zrnc inhibits cadmium carci-nogenicity upon sub-
cutaneous admini.stratj"on of both together(Gunn et al-., L964l. It may well be
that such interactions are of crucial importance with respect to prostatic
carcinogenesis, and they should be taken into account in future research. The

recent data of Waalkes et al. (1987) (see Section IV.A.7.b) suggest that is
indeed the case.
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d. Possible Mechanisms. The on1.y two specific dietary factors that are

consistently associated with human prostatic cancer risk, both in a positive

manner, are fat and protein (see Table XII). These two nutritional variables

can, in theory, affect a variety of physiological and pathological processes

that are rel-ated to carcinogenesis in general. However, there is no informa-

tion available that is pertinent to the possible mechanisms of the role of fat

and protein in prostatic carcinogenesis specifically-

The endocrine system has been implicated as a mediator of dj.etary in-
fluences on prostatic carcinogenesis (neddy et aI., 1980). This hypothesis

has been systematically explored by Hill and co-workers (HilI and Wlrnder,

1979; HiIl et al-. , 1979, , 1980a,b, 1982). They investigated the endocrine

effects of drastic changes in totaf diet for 2-3 weeks in a number of control-

led studies in healthy nen. An initial study (Hil1 and Wimder, 1979) involved

four men of unspecified ethnic background, under 45 years of age, with cus-

tomary Western dietary habits. They consumed a standardized, high-fat Western

diet for 2 weeks, followed by 2 weeks on a strictly vegetarian, low-fat diet.

Overnight blood samples were taken via indwelling catheters at the end of each

diet period. Nocturnal release of prolactin, testosterone and luteinizing

hormone were significantly lower after the vegetarian diet period than after

the Western diet. This was also for.rrd in a group of 11 men subjected to the

same experimentaf protocol for morning testosterone 1evels. In other studies

by Hill et al. (tg':9,1-980a,b, Lg\2',t, the endocrine effects of dietary changes

were compared in populations at high and low risk for prostatic cancer. High-

risk North American Blacks and Whites with Western dietary habits consumed a

standardized, high-fat Western diet for 2 weeks, followed by a 3-week period

on a strictly vegetarian, Iow-fat diet. South African Blacks, who normally

consumed a very consistent, strictly vegetarian diet, were the low-risk

population. They were transferred to a high-fat western diet for 3 weeks.

When white and black North American men were transferred from the Western diet

to the vegetarian diet, urinary excretion of androgens and estrogens decreased

(HiII et aL.,7919,1980b). plasma l-evels of testosterone and total androgens

afso decreased, but plasma concentrations of total estrogens remained un-

changed (Hi11 et a1., 1980a,b). These changes in endocrine profiles were

statistj.cally significant in Blacks, but, except for plasma and urinary tes-

tosterone, not in Whites. In contrast, when South African Blacks were trans-

ferred from a vegetarian to a Western diet, urinary excretion of androgens and
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estrogens increased significantly (HilI et al., 1_979, 1980b). plasma ]eve1s
of testosterone and total- androgens, however, decreased, whi1e, as was foqnd
in North Americans, plasma concentrations of totar estrogens did not change
(HiI1 et a1., 19B0a,b). These studies were performed i.n 40-55 year-o1d men.

When a similar experiment was done in older (60-73 year-oId) South African
men, however, urinary sex steroid excretion and plasma levels of testosterone
and total androgens decreased, while plasma estrogens remained unchanged (HiII
et d1., 1-919, 1-980a,b, 1'982). This was also found in 60-73 year-o1d black
prostatic cancer patients in south Africa (HiI1 et aI., 1982). rn these aged
south African subjects, this diet change also increased the ratio of
androsterone to etiocholanol-one and decreased the ratio of estrogens to
androgens in the urine, while no changes in these ratios were found in any of
the younger groups (Hi]l et aL.,1-919,1980b).

As summarized previously (Bosland, 1985), these data indicate that an
abrupt 2 to 3-week change from a western to a vegetarian diet, and vice versa,
is related to changes in testosterone production and in the metabolism and
clearance of androgens and estrogens. F\rrthermore, older men (over 55 years)
respond differently than younger men, which may be related to changes in the
contror of hormone levels that occur around 50 to 60 years of age (Hirl et
a1., 1980b; see al-so Section VI).

similar dietary changes appear to affect plasma prolactin leveLs (see
above; Hill and lilrnder, 1979). rnterestingly, prolactj-n release is stirmrlated
by consuming a mea1, as shown by carlson et aI. (19g3); the duration of thi.s
response is a few hours. Their studies indicated that this postprandial
response is triggered by meals of high protein content, and not by meals that
have a high fat or high carbohydrate (glucose) content. on the basis of these
observations it might be speculated that it was primarily the protein 1eve1 in
the diet that affected plasma prolactin in the study by Hill and l.Lmder (lg1g)
and not fat or other dietary vari.ables. This speculation is supported by
preliminary data from my laboratory concerning studies in mafe rats.
Differences in dietary fat Ievels or restriction of the intake of car-
bohydrates affected plasma prolactin 1eve1s Less consistently and strongly
than did variation in the leve1 of protein (Bosland et a1., 1995; Bunnik et
d1., 1985a,b). Preliminary results from studies by crinton et a1. (19g2) and

by Mu1loy et a1. (1983) indicate a complete absence of an effect of dietary
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fat 1eve1 on plasma prolactin and prolactin clearance in male rats. Cohen

(1979), on the other hand, reported that feeding a high-fat diet elevated

plasma prolactin leve1s in male rats, as compared with rats on a low-fat diet'
This apparent discrepancy, which also seems to occur in female rats, IIlEty be

explained as an artifact due to Cohen's method of blood sampling, using ether

anesthesia (Bosland and wilbrink, l-985). Preliminary data from my laboratory

(Bosland et al., 1985; Bunnik et al., 1985a, 1985b; Kroes et al., 1986) fur-

ther suggest that complex interactions exist between type and amount of macro-

nutrients (fat, protein and carbohydrate) as they influence plasnE levels of

-- besides prolactin androgenic and estrogenic steroid hormones, as

surunarized previously (Bosland, 1985). It is not possible to compare these

rodent data with the findings of Hill and co-workers' because individual

nutrients were varied in the diets and no total diet changes were studied as

was done by Hill and colleagues.

In a study in ten vegetarian Seventh Day Adventists (SDA), ten

nonvegetarian SDA and eight non-SDA omnivoric men, Howie and Schultz (1985)

found that testosterone and estradiol-l-?6 were significantly lower in the

vegetarian than in the omnivoric men. Very interesting is their observation

that of all macronutrient intakes that were calculated from 3-day recalI data,

it was only the intake of dietary fiber that correlated with plasma leve1s of

these two hormones. These correlations were negative and guite significant

when all three groups combined were analyzed (r = -0.48, P < 0'005 for

estradiol-l-19; r = -0.31, P < 0.05 for testosterone).

Rosenthal et af. (1985) studied endocrine effects of the Pritikin diet'

T\denty-one men with a history of cardiovascular disease or diabetes (mean age

5L years) were fed for 2l days a very low-fat (< 10% of calories), high

fiberlcomplex carbohydrate diet. the plasma fevel of estradiol-l-7p decreased

significantly (from 41.2 1 4.6 pg/il before the diet period started to 23.8 +

2.5 pg/ntl after the 21 days on the diet), while plasma testosterone Ievels did

not change significantlY.

Interestingly, obesity and overweight, which are perhaps related to pros-

tatic cancer risk and to diet (see Section rV.D.1.a), are known to be as-

sociated with lower plasma levels of testosterone (G]ass et aI., 1977) and

sex-hormone-binding-gtobulin ($HBG) (Glass et aI.,1911; Sefimens et al., 1983;
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siiteri et dI., 7982), and with higher levers of estradiol-17p and estrone
(K1ey et a]', 1"980; Schneider et al., 1,919i siiteri et al., L992i zumoff et
aI., 19BL). These data would support the view that obesity leads to increased
peripheral conversion of androgens to estrogens by aromatization in the fat
tissue. Meikle et a1. (l9BZ), on the other hand, did not find a correlation
between body weight and plasma leve]s of either testosterone or SHBG.

In conclusion, it is evident that in both man and experimental animals
diet and diet-associated variables, such as obesity, can affect a variety of
endocrine parameters that may be related to prostatic cancer (see section vI).
some of these variables -- fat, protein and obesity are more or less
strongly associated with human prostatic cancer risk, other variables -- car-
bohydrates, dietary fiber and vitamin E, which affects plasma testosterone in
men and rats (umeda et aI. , L9B2) -- do not seem to be related to prostatic
cancer. rt is attractive to hypothesize that diet affects prostatic car-
cinogenesis chiefly mediated by the endocrine system. This is, however, not
very IikeIy, because diet can theoretically affect several other processes in
the human body that are conceivably related to the development of prostatic
cancer. Furthermore, it is not clear from the data availabre which diet-en-
docrine relations are associated with prostatic cancer risk.

2, Sexual and Transmissible Factors

Prostatic cancer risk seems in some respects related to sexual factors
such as sexual drive and ejaculatory activity through intercourse or
masturbation. Risk is clearly associated to the occurrence of venereal
diseases. rt is concei.vabre that the development of prostatic cancer has
indeed some rel-ation with the functional activity of the g1and, perhaps
mediated via endocrine factors that are involved in the regnrlation of
prostatic glandular function. one could speculate that, if high plasma level_s
of testosterone were associated with a high risk for prostatic cancer (see
section Vr), such high leveIs might be either the cause or the consequence of
a higher sexual drive andlor activity. There are to date no data available
from human studies that could prove or disprove this speculation.

Some anima1 studies indicate that sexual activity can indeed influence the
prostate. Rats that have the opportunj.ty to be sexually active in the sense
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of mating have larger and heavier accessory sex glands than rats that are kept

without females (Aumuefler et aI., l-985; Braun et aL', L982i Sodersten et aI"

1,917). This effect appeared more likely to be mediated by nervous control of

prostatic activity than by increased hormonal sensitivily of the gland;

sexually actj.ve rats had lower prostatic androgen receptor concentrations, but

a higher norepinephrine content and more numerous adrenergic nerve fibers in

the prostate (aumue]Ier et aI., 1985; Braun et a1., 1982). Unfortunately, no

plasma or tissue hormone levefs were measured in these studies, and the obser-

vations were limited to the ventral prostate. In studies on aging

ACIlsegHapBR rats, Ward et a1. (1980) found that there was no difference be-

tween retired breeders and virgin males in the incidence of ventral prostatic

epithelial hyperplasia and adenocarcinomas. These lesi.ons occur spontaneously

in high rates in this rat strain at o1d age. Thus, animal studies demonstrate

that sexual activity can affect the prostate g1and, but they do not indicate a

refation between sexual activity and prostatic cancer development. In a

review of the literature on prostatic alandular function and prostatic cancer,

Isaacs (1983) demonstrated that it is guite conceivable that modulation of

functional activity of the human prostate by ejaculatory frequenry can in-

ffuence the concentration of a variety of chemical constituents in the pros-

tatic fluid, as well as the flow of the fluid through the glandular lumina and

ducts. These two factors, in turn, will determine the duration of exposure of

the glandular epithelium to prostatic ftuid constituents. Some of these con-

stituents, such as proteases and polyamines (Zaneveld and Tauber, 1981), and a

variety of chemical carcinogens (smith and Hagiopan, 1-981) may well have in-

itiating and/or promoting or cocarcinogenic activity, and thus be involved in

prostatic carcinogenesis, It is also conceivable that enhancement of func-

tional- activity of the gtand by increased sexual activity can affect (1)

androgen sensitj.vity of the epithelium (Braun et dl., L9B2), (2) the

capability of the glandular cells to take up and metabolize chemical car-

cinogens, and (3) the rate of cell turnover, which is a critical factor in

chemical carcinogenesis in the rat prostate (see Section III)'

The observation of an association between venereal- disease and prostatic

cancer risk has led to a number of speculations about other possible sex-re-

Iated mechanisms of prostatic carcinogenesis. Heshmat and co-workers (1973)

have suggested that the iatrogenic complications of preantibiotic management

of gonorrhea is a factor in the etiology of prostatic cancer. Lees et a1.
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(1985), however, did not find an association between prostatic cancer risk and
(preantibiotic) treatment with arsenic drugs. As alternative explanations
Heshmat et aI. (1975) suggested that gonococcal infections may act as a vector
that facil,itates the entry of viruses into prostatic epithelium or that
chronic inflammation and irritation are causally related to prostatic cancer.
Indeed, with some freguency, reports have been published that demonstrate the
presence of virus particles in human prostatic carcinomas or a higher fre-
guency of sero-positivity for specific viruses in prostatic cancer cases than
in control subjects (Zeige1, 1979). The presence of virus particles in pros-
tatic tumor tissue or increased sero-positivity alnong cases has speci.fically
been shown for Herpes simplex virus-2, cytomegalovirus and simian virus 40
(Rapp and Geder, L980; Mickey and paulson, 1980; schuman et ar. , 1,gi7). There
is, however, no consistency i.n these findings, as summarized by Mandel_ and
Schurnan (1980) and Zeigel (1979). A report on increased risk of cervical
cancer among wives of prostatic cancer patients also suggests a viral_ etiology
(Feminella and Lattimer, 1914). Howeverf a rater case-contror study did not
confirm this finding (Greenwald et al. , 1,919). rn addition, patterns of cer-
vical cancer, for which a viral etiology is suspected, and of prostatic cancer
in various ethnic groups in the Los Angeles area were found to be quite dif-
ferent by Ross et a1. (1983). There is al-so no consistent relation between
prostatic cancer risk and circumcision, a factor associated with decreased
risk for cervical- cancer (Mandel and schuman, 1980; Ross et aI., 1987; w\mder
et a1., 1911-). rn concLusion, the evidence for a viral etiology of prostatic
cancer is at best suggestive, but the possibility that viruses play some rore
in this respect cannot be excluded (Mandel and schuman, 1980; winkelstein and
Ernster, 1,979i Zei.gel , L9191 -

Prostatitis is anoLher factor that may be related to prostatic cancer
risk, venereaL disease and, perhaps, sexual activity. prostatj.tis can con-
ceivably cause chronic irritation of the prostate gland and consequently
stirmrlate ce11 proliferation and affect functional- activity. particularly
chronic stimul-ation of ce1l proliferation might be an enhancing factor in
human prostatic carcinogenesis as it appears to be in chemical induction of
prostatic cancer in the rat (see Section III). Venereal diseases, such as
trichomoniasis and gonorrhea, often can cause prostatitis (Drach and Kohnen,
1977; Gardner et a1.,7986; pfau and caine, 1980; Vandenbroecke-Grauls et a1.,
r9B2). The cause of a large proportion of chronic prostatitis cases is of
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nonbacterial origin. Some of these cases can be attributed to nonbacterial

microorganisms such as Trichomonas or chlamydia (Drach and Kohnen, 1977; Pfau

and caine, 1980). For many others the cause remains 1x.1clear. A causative

relation between prostatic cancer and prostatic schistosomiasis has been sug-

gested based on a case of prostatic adenocarcinoma coincident with heavy pros-

tatic infestation with Schistosoma mansoni (Alexis and Domingo, 1986). Aseptic

prostatitis can perhaps result from over- or underutilization of the g1and,

i.e., j,ncreased or suppressed ejaculatory activity. This speculation and the

association of venereal diseases with both prostatic cancer risk and

prostatitis are attractive explanations for the rel-ation of Sexual activity

and venereal disease to prostatic cancer. However, there is only suggestive

evidence from case-control studies for a rel-ation between prostatic cancer

risk and prostatitis, and only few studies have addressed this question.

Clearly, this should be regarded as an important area for future research, as

should the relationship between sexual activity and prostatic cancer risk.

V. NON-LIFE STYLE ENIVIRONME}IIAL FACTORS

A. OCCUPATIONAL FACIORS

A large number of very different occupations have been reported as as-

sociated with prostatic cancer risk, but fot onl-y a few occupations have

prostatic cancer rates been consistentl-y reported to be higher than expected

(Dubrow and wegman, 1983; Ernster et al., 1919bi Logan, 1982; Williams et aI.,

t91'1) .

1 Farmers and Farm Workers

Farmers and farm workers consistently show an increased risk (Burmeister,

1981; Dulcrow and Wegiman, 1983; Gallagher et al., 1984; Logan, t9g2i wiklund

and Ho]m, 1986; williams et at., 1911). There is only one study that did not

observe this (Pearce et at.,1gB7) using 1979 data from the New Zealand cancer

registry (6L1 cases). In a Swedish cohort study (sizez 254,417 men; 5922

cases) between 7961,-1966 and 1974-1979 (Wiktund and so1m, 1986) there was a

significant (p < 0.01) increase of relative risk for agricultural workers.

The authors related this increase to the drastically increased potential

exposure to artificial fertil-izers and pesticides during the last decades'
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Burmeister (1981) found a standardized mortality ratio (sr{R) of 141 (p < 0.01)
in a retrospective death certificate study in Iowa involving 1138 prostatic
cancer cases among farmers and 1460 cases among nonfarmers. He reported that
increased risk was found particularly in ranchers working with cattle and

sheep. rn another death certificate study involving 300 cases and 13Bo con-
trols, Siemiatycki and co-workers (1986) found an increased risk for prostatic
cancer related to exposure to grain dusts (odds ratio, t.9i p < 0.05).
Alavanja et a1. (1987) found a nonsigrnificant pMR of lll (23 cases) in a

similar study on grain industry workers, but for the subcategory ("unj.denti-
fied grain industries") with the largest number of cases (15) a significantly
erevated Pm. of 173 (P < 0.05) was found. Exposure to fertilizers was sig-
nificantly (P < 0.02) more often reported in cases than in controls in a study
by Rotkin 11911) on 1l-l- case-control pairs. rt is not clear whether these
exposures are at all causally related to prostati.c cancer risk, or whether
they are coincidentally found because farmers are more 1ike1y to be exposed to
grain dust and fertilizers. Alavanja et al. (1987) point out that grain
industry workers are 1ikeIy to be exposed to a variety of pesticides.

2. Workers in the Rubber Industrv

a Epidemiology. An increased risk for prostatic cancer in workers in
the rubber industry has been found in some studies in the United States, but
not in many other investigations. A standardized mortality ratio (SMR) of L42
was reported by McMi.chael and co-workers (1914) for a1l jobs in a rubber plant
in Akron, ohio, using the 1968 united states male population as standard. This
sllR was based on 49 cases out of a cohort of 66iB mainly white men (10-14?
were Blacks), and it was significantly elevated (p < 0.05). However, when this
cohort study was expanded to include workers from three other plants, two of
which were also located in Akron, to a total cohort size of L8,903, the sMR

was LL9, based on 103 cases (McMichael et a1., 1976a). This is probably not
statistically significantly different from 100 (no statistical analysis was
presented by the authors). For two of the four plants SIms were reported that
probably are statistically significantly elevated. Both studies covered a

period between 1964 and 1'972-1"913. Since this initial report on prostatic
cancer risk for workers in the rubber industry, a number of other cohort
studies have been reported in the literature. rn only one study (Bernadelli et
a1., 1987) a significantly elevated sMR (518; p < o.o5) was found in a cohort
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of 49L7 men in an Italian pIant, but this report was based only on two cases.

In none of the other studies was an increased risk for prostatic cancer found

when all jobs were included in the cohorts. SMRs between 66 and 105 were

reported on the basis of between 21 and 121 cases in cohorts of B41B to 40,867

mainly white men in the united states, England, and sweden (Andjelkovich et

aL., !976, L977; Baxter and Werner, 1980; Dezell and Monson, 1981; Gustavsson

et dI., 1986; Monson and Nakano, 1976; Parkes et al-., L9B2; Sorahan et aI',
1986). These studies covered different periods between 1940 and 1978. Hakama

and Kitpikari (1980) summarized the results of four of these studies and one

from Finland, They calculated an overall Sm of 102 for a total cohort size of

80,966, based on 204 cases. When tire manufacturing industries were distin-
guj.shed from nontire rubber industries, no increased risk was found in either

(Baxter and werner, 1980; Dezell et a1., L982, cited in IARC, 1982a). It is

noteworthy that Williams et al-. (!911), using data from the IT{CS also found a

somewhat elevated risk for rubber production workers in the United States in

generaL. They reported a relative odds ratio of L.60, but this was not sig-

nificantly increased. In a British cohort study (36,445 males), on the other

hand, a significant (P < O.O5) deficit in risk (SMR, 74) was found by Sorahan

et aI. (1986).

In a number of cohort studies and in two case-control Studies, risk for
prostatic cancer was assessed for specific job categories. In the two case-

control studies (Mcflichael et aI. , 1916b; Goldsmith et al-., 1980), increased

risk was found for workers in batch preparation/mixing and calendering divi-
sions. In these divisions, particularly the first one, exposure to the

various chemicals that are used in rubber production is potential-Iy high

(Goldsmith et al-., 1980; IARC, 1982a; McMichael et a]., 1976b). In one study

(Mcfiichael et aI., 1976b) a relative risk of l-.6 (P < 0.01) was found, based

on less than 30 cases (ra,xC, 1982a). rn the other study of the same research

group (Goldsmith et al., 1980) involving a total of BB cases and 258 controls,

odds rati.os of 2.8 to 3.0 (P < 0.025) were found for the 17 to 11 cases work-

ing in these divisi.ons, depending on the duration of exposure. In a cohort

study on 2666 men from the same job categorj.es ( "processing division" ), how-

ever, no increased risk was found by Dezell and Monson (1982). An SMR of 99

was reported which was based on 19 cases. In the only other cohort study on

men from specific job categories (Monson and Nakano, 1976; Monson and Fine,

1978) no increased risk was reported for this division. In this latter study
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an sr'rR of 140 (r-2 cases) was found for men from a group of jobs indicated as
"miscellaneous tire', and an Sl,lR calculated !y l4Bg, 1.992al ot \80 (22 cases)
for those from "materials maintenance." No statistical eval-uation of these
data was reported by the authors. The increased risk for maintenance workers
is somewhat consistent with the increased risk that has been found for workers
in the "general services" in general, as indicated above. Andjelkovich and co_
workers (1977) reported an srm of 212 (p < o.o5) for this category based on 10
cases in a cohort study of 8,418 workers. McMichael and colleagues (1976b)
found a relative risk of 3.5 (number of cases unreported) for this group.
Goldsmith et a1. (1980), however, did not find an increased risk for this
category in their case-control study. Dezell and Monson (r-g84a,b, 1gB5) did
not find an excess risk for aerospace products workers (cohort size: 3L6J_ men;
t4 cases), industriaL products workers (cohort size: 5533 men; 39 cases) and
reclaim workers (cohort size: 1352 men; 6 cases) in United States rubber
plants. rn an attempt to rel-ate cancer mortality to specific exposures in the
rubber industry, wilcosky et a1. (19S4) classified jobs in a large rubber
plant on the basis of potential exposures to 20 different soLvents. No rela_
tion was found for prostatic cancer mortality ( 33 cases in a cohort of 66"t8
men) with specific exposures (the number of cases per solvent was between 0
and 20).

The rARC (1982a) has extensively reviewed a1r existing data on car-
cinogenic hazards in the rubber industry. rhey concluded that there is
"limited evidence for an excess occurrence of prostate cancer in rubber
workers; and inadequate evidence for causal associations with occupational
exposures." on the the basis of the preceding summary, however, one can jus-
tifiably conclude that there is no evidence for an increased risk for pros_
tatic cancer in the rubber industry as a whor.e. rt is guite remarkable that a
significantly increased risk for alr job categories together has only been
reported by the group of McMichael. And they have only found an increased
occurrence of prostatic cancer in two plants, both probably l0cated in Akron,
ohio (Mclvlichael et dr., 7976a). Thus, it seems that in these plants a risk
factor or combination of risk factors is present that is unique and leads to
increased risk for prostatic cancer in the workers i.n these plants specifi-
ca11y. Therefore, it seems warranted to study in a retrospective manner the
differences and similarities between the work environment in these plants and
the plants studied by other researchers.
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ForSomespecificjobcategoriesinsomerubberplants,thereisperhaps
an excess occurrence of prostatic cancer. There are studies indicating that

workers in the general services, including maintenance, are at i'ncreased risk'

However, this may be an incorrect interpretalion of the results because of the

verydiversenatureofthejobsinthiscategory'thesmallnumberofcases'
and the lack of information on specific exposures' For workers in the

mixingT&atch preparation divisions, and perhaps also the calendering division,

exposure to the many chemicals used in rubber manufacture (IARC, t982ai

Spiegelhalder and Preussmann, 1983) is ]ike1y. For these groups there is no

consistency in the observation of increased risk for prostatic cancer, and the

reliability of reports of an increased risk for these workers is lessened by

the small number of cases in these studies. It is noteworthy that increased

risk for the fatter job categories was only reported by McMichael and co-

workers, and not by Monson's group and others' rt may be that this excess

risk is limited to the same two plants mentioned above. In conclusion' there

are very Iimited indications for increased risk for prostatic cancer in

workersthatareinvolvedinmixingandbatchpreparationintherubberin-
dustry,

Animal Studies. Very interestinq findings were recently reported

research group from the People,s Republic of china (wang et aI., 1984a)'
b.

bya
They

housed groups of 62-68 male albino rats (otherwise unspecified) at di'fferent

locations in a rubber plant in Shanghai where cancer incidence (stomach,

Iiver, fr.g, and esophagus) had been shown to be higher than in control

Shanghainese: the areas where compounding, mixing, and mj-I1ing was done' A

controfgroupwashousedinacleananimaffacility.After]..5yearsof
,,exposure", the rats were kept for another half year before the experiment was

terminated. Besides various other tumors, genital carcinomas, in both prostate

and seminaf vesicle, were found in 9 of 68 (13.2e'\, 4 of 65 (6'2%)' and 4 of

62 (6.5%) of the rats in the mj,Iling, mixing and compounding areas respec-

tively.IntheControlratstheincidenceofsuchtumorswaslof62(1.6%).
The difference between the control group and the group with the highest in-

cidence is statistically significant (P < 0.05; x2-test, one-sided; analysis

done !y the author). These findings are very significant, because prostate and

seminal vesicfe carcinomas are very rare in most rat strains, particularly

invasiveJ-y growing carcinomas as were apparently found in this study (Bosland,

1987 ) .
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From various experiments with PBI\A administered to mice no prostatic
trmors were reported by wang and co-workers (L984a,b). This is in line with
earlier studies done with PBI.IA in mice (rARc, 1976). However, some seminal
vesicre carcinomas were reported by wang et a1. (1994b), which are very rare

-89-

rn a separate experiment (wang et ar., 19Bl-) male rats were exposed to one
of the major chemicals used in the rubber production process in this pIant, N-
phenyl-2-naphthylamine (PBNA). The rats were oral1y dosed with 40, loo, or 160
tr{g/Kgby gavage, 5 days per week, for 1.5 years. The experiment was terminated
at 2 years. Genital carcinomas, predominantly in the prostate (no further
details were presented), were found in 11 of 51 (79.32) peNA exposed rat
(tota] i.nci.dence), versus 0 of 43 and 1 of 62 (1.62) in vehicle_treated and
untreated controls, respectively (p < 0.05). No information was given on the
incidences in the separate dose groups. rn this experiment, a PBI{A preparati.on
was used that contai.ned more than 85? pBi{A, some N-phenyl-1-naphthylamine and
no 2-naphthylamine. rn another experiment partly purifi.ed pBI.iA (no details
given) was administered to male wistar rats by gavage at dosages of 1,60 or 320
mg/kg,5 ti-mes per week, for 1 year (wang and wang, 1981). rhis experiment was
terminated at 1.5 years. No excess of prostatic or genital carcinomas were
found. The incidences were 2 of 35, 0 of 22, O of 25, and 1 of 26 for the 160
mg, 320 mg, vehicLe contrors, and untreated controls, respectively. The
purification may have removed the factor causing the prostatic carcinomas, the
study duration may have been too short for prostatic tumors to develop, or
perhaps strain differences were responsible for the negative findings in this
study. The reports do not provide sufficient detail to fu11y judge the rele-
vance of these findings. For example, it was not indicated whether arl
prostates were examined histologically, from which part of the prostate the
tumors originated, and what purification was applied to the PBNA in the last
experirnent. However, in the first experiment, the in situ animal exposure, the
air concentrations of pBM were measured. They varied from 0.404 to 0.535

?mgTm'in the mixing area and were between 0.0g5 and 0.385 mg7m3 in the other
areas (Wang et a1., 1984a). rt is noteworthy that Wang and colleagues (1984a)
do not report an increased occurrence of prostatic cancer in their epidemiolo-
gical studies involving cohorts of LB,B52 and 6183 (males and females togeth-
er) in two different Shanghai rubber plants.



in mice. rheir incidence did not exceed 7.63 and the duration of these experi-

ments was 9-10 months. a1I prostates and seminal vesicles were examined his-

tologica11y.

A draft technical report (N.T.P., 1987) of a carcinogenicity with PBNA in

F344 rats and B6c3F1 mice carried out by the us National Toxicologty Program

indicates that no accessory sex gland neoplasia is produced upon feeding of as

much as 5000 ppm (approximately 225 mg/kg pet day) in the diet. The PBNA used

in this study was 98% pure and contained tess than 1 ppm 2-naphthylanine.

on the basis of the chinese animal data, one can conclude that the in-

creased occurrence of prostatic cancer that has been reported in certain

plants and in certain work sites in the rubber industry is related to exposure

to aromatic amines used as antioxidants. However, an N.T.P. carcinogenicity

bioassay with purified PBNA in rats and mice was negative with respect to the

production of accessory sex gland neoplasia in males, as were chinese studies

with partially purified eeNa. Therefore it is conceivable that a contaminant

in the unpurified Chinese PBNA was responsible for the prostatic tumor re-

sponse in the studies of Wang and colleagues. Furthermore, the large number of

other (potentially) carcinogenic substances found in the rubber industry, such

as N-nitroso compounds (Spiegelhalder and Preussmann, 1983), make it likely

that exposure to combinations of chemicafs rather than to a singfe substance

are invofved in any carcinogenic hazard in the production of rubber (IARC,

l-982a).

3. Cadmi.Lm Exposure

occupational exposure to cadmium has repeatedly been suggested to be

related to prostatic cancer risk (Piscator, 1981). This belief was triggered

in the 1960s by a report by Potts (1965) of three cases of prostatic cancer

found among 7O men who had been occupationally exposed to cadmium for more

than 10 years. Before 1950, they were potentially exposed to Iarge amounts of

cadmiumi air concentrations varied between 0.6 and 236 ng7m3 - After 1950 the

maximal air concentration was mostly below 0.5 mg7m3. The rARC (1982b) found

Iimited evidence in the literature for carcinogenicity to humans of cadmium

and certain cadmium compounds, with the prostate as one of the possible target

sites. piscator (1981) concl-uded in his comprehensive review of cadmium and
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prostatic carcinogenesis that if there were at all an excess occurrence of
prostatic cancer among cadmium-exposed workers, the increased risk would be
limited to those who are heavily exposed.

The epidemiological. basj,s for these conclusions is very weak. The number

of prostatic cancer cases in most of the epidemj-o1ogica1 studies was small:
between l- and 8. There is only one study with some more cases, 23 (Armstrong
and Kazantis, 1983). rn that study, an stm of 99 was found in a cohort of 6995
men working in 17 plants in England using cadmium. A-1"1 cases were found among

men who had always had 1ow exposure to cadmium (80% of the cohort), resulting
in an sl4R of L13 for that group. No cases were found anong men who were ever
at moderate or high exposure (202 ot the cohort). rn a more recent report of
this study (Armstrong and Kazantis, 1985), 39 cases were found and the sMR for
prostatic cancer was LL8. For the always-1ow-exposure group (24 cases) the
sl'lR was 109, and for the groups that were ever-at-moderate- (9 cases) or ever-
at-hj.gh-exposure (4 cases) the SI,IRs were 132 and 154, respecti.vely; both were
not significantly elevated. rn another British study on a cohort of 3625
workers, from plants other than those studied by Armstrong and Kazantis
(1983), an SI'IR of 1"21, was reported which was based on B cases; this figure is
not statistically significant (sorahan and waterhouse, 1993). An update of
this study including a total of l-5 cases confirmed this finding (Sorahan and

Waterhouse, 1985). Dol] (1984) summarized the results of these two studies and
those from a third British study. He calculated that a total 31. cases of
prostatic cancer were observed in these studies as a whole (9902 men), and

that 30.9 cases were to be expected, which amounts to an SMR of 100.

studies conducted i.n the united states (Lemen et a1., 1976; Thun et dl.,
1985) involved 3-4 cases, and sMRs of 341 and 213 were calculated, but these
were not statistically significant. In a study performed in Sweden (Kjellstrom
et d1., 1919) in two different prants, relative risks of r.67 (z cases) and
1'.49 (4 cases) were found. Neither of these was significantly elevated. rn
this study, however, the average cadmium air concentrations in the work place
have been documented: > L mg7m3 before Lg47, 0.2 mg7m3 in the 1950s, and o.o5

?m9/m" since 1962. A more recent report of thi.s study (Elinder et a1., 1985)
includes no further cases, but demonstrates an increase of prostatic cancer
Slm from 108 for all workers to 148 (not significantly elevated) for workers
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with at least 5 years of exposure and a 20 year latency period (from the start
of exposure) for the cancer.

Only in two studi.es was an attempt made to investigate the duration and/or

the extent of the exposure in relation to prostatic cancer risk. Lemen et aI'
(1976) found that cases had been exposed to cadmium for an average of 13 years

and that the average time between the beginning of the exposure and the

occurrence of prostatic cancer was 28 years, Sorahan and Waterhouse (1983)

distinguished between workers who had been exposed for a period when air
concentrations were high ( 0.6-2.6 rng/rn3), and workers who were exposed after
1950, when concentrations were brought down to about 0.5 mg7m3. The SMRs they

found were 1,1,2 (5 cases) and 142 (3 cases), respectively. They also distin-
guished between jobs with high, moderate and 1ow exposures. When a life-tab1e

regression analysis was performed on these data, risk appeared to be sig-

nificantly (p < 0.05) higher for high-exposure jobs than for the others. The

reliability of this assessment is 1ow because of the small total number of

cases (B).

In sunnary, increased risk for prostatic cancer among cadmium workers has

only been for:nd in studies involving a smaIl number of cases. In studies on

more cases (23-39) no increased risk was found (Armstrong and Kazantis, 1983,

l-985; DolI, 1984). The only two studies that have rel-ated leveI of exposure to

cadmium with prostatic cancer risk suggested a positive dose-response rela-

tionship, but the number of cases (B) was too l-ow in one study (Sorahan and

Waterhouse, 1983) to attach significance to the finding, while in the other

study (Armstrong and Kazantis, 1985) no statistical significance was found for

the elevated risks. In addition, it is important to note that workers in

cadmium-using industries, battery and alloy plants and cadmium smelters, are

also exposed to a nunber of other substances, such as nickel, arsenic, ztnc,

and copper (Kjellstrom et aI. , 19'79i Piscator, 19Bl-; Sorahan and Waterhouse,

1.983; Thun et aI., l-985), that may pose a health hazard'

Arnong men who are not occupationally exposed to cadmium and who are

nonsmokers, the major source of exposure to cadmium is through food con-

taminated with cadmium (Piscator, 1981). Therefore, additional information

concerning cadmiun and prostatic cancer is given in Section IV.A.7.c on
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dietary factors. animal studies and other experimental data on the effects of
cadmium are also summarized in that section.

4. Iron and Steel Workers

There are some indications that iron and steef foundry workers are at
increased risk for prostatic cancer. In a single study in United States steel
workers, relative risks of 1.91,-2,2Q for prostatic cancer, dependj.ng on dura-
tion of employment in the job, were found in white foundry workers (Redmond et
al., 19Bl-). this elevation in risk was statistically significant (p < o.05).
In this study, a total of 58,821 steel workers was followed from 1"953 to 1975.
The number of prostatic cancer cases in the group of foundry workers and the
size of this group were not indicated in thj.s report. The total number of
prostatic cancer cases in all job categories in the study population was 2jB.
In a number of other studies on foundry workers, this increased risk was not
found (Decoufle and Wood, 1"979; Egan-Baum et a1., 1981; Egan et dI., 1979;
rARc, r9B4; Koskela et df., 1976). For example, Egan-Baum and co-workers
(1981) studied a United States cohort of 2990 foundry workers, of which 339

were Blacks. A proportionate mortality ratio (PIIR) of BB was found for Whites
(47 cases), and Blacks showed a pltR of 1.10 (10 cases). There are no animal
data on exposure to the foundry environment avail-able. These data led the IARC
(1984) to conclude that "there is inadeguate evidence that exposures in iron
and steer founding result in cancers of the genito-urinary system, " including
the prostate.

5. Miscellaneous Occupations and Occupational Exposures

rn England SMRs of 194-340 have been found for jobs in the armed forces
(Logan, 1982). A1so, in the united states members of the armed forces seem to
be at increased risk for prostatic cancer (Mandel and schuman, 1980). rt is
not known whether specific occupational exposures are associated with this
high risk or whether life style factors are involved. F\rrther epidemiological
studies on this occupational group seem warranted, and dietary variables,
sexual factors (venereal diseases?), specific occupational exposures, and, in
the United States, racial differences are likely to be of i.nterest for such
investigations.
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For a large number of other occupations or jobs, an elevated risk has been

reported in some studies but not in others (Hoar and B1ai,r, 7984i Howe and

Lindsay, 1983; I,landel and Schuman, 1980; Pearce et a1., 1987). An increased

occurrence of prostatic cancer has been found in at least two studies, with no

association found in only one other study for: higher admi'nistra-

tion/management/professionafs (Adelstein, 7912; Howe and Lindsay, 1983; Mandel

and schuman, 1980; Logan, 1,982; Pearce et aI. , I9B1 ), foodldrinks/tobacco

workers (Logan, 1982; williams et at., t91'7 ), and for paper/printing workers

(Logan, t9B2; Ernster et af., 1979b). Interestingly, siemiatycki and co-

workers (1986) reported an odds ratio for prostatic cancer of 1.9 (P < 0.05)

for exposure to paper dust in their case-control Study on cancer risk from

organic dusts (300 cases and 1380 controls). rhis seems to support the finding

of increased prostatic cancer risk among paper and printing workers.

B. AIR POLLUTION

TWo independent studies conducted in the United States have indicated that

prostatic cancer rates are highest in areas with a high Ievel of pollution
(Hagstrom et aI., 1-961i winkelstein and Kantor, 1,9691. A positive relation to

the leve1 of air pollution, measured as suspended particulate fevels (Hagstrom

et dI., 1967; Winkelstein and Kantor, 1969) or dustfall and sulfoxide levels

(Hagstrom et aI. , 1961 ) was for.yrd. This association was independent of age

(Winkelstein and Kantor, 1-969) or socioeconomic status (Hagstrom et aI., 1"961;

Winkelstein and Kantor, 1969). In both studies, prostatic cancer risk

increased with increasing 1eveI of air pollution for Whites' For Blacks, riSk

did not seem to be related to the level of air pollution, but this observation

was based on just a few cases (Hagstrom et al., L961). Interestingly, in a

United States case-control study ( 111 age-matched pairs ) patients

significantly (p < 0.02) more often reported exposure to automobile exhaust as

part of a consistent occupational pattern (Rotkin, 1911). A preliminary report

of a case-control study in United States Blacks presents a similar finding

( Jackson et aI. , 1981 ) .

The association between the 1evel of aj-r pollution and prostatic cancer

risk described above seems consistent with the higher risk found in urban

areas in comparison with rural areas (see Section II.G). However, these as-
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sociations could be coincidental, because areas with high 1eve1s of air pollu-
tion, usually urban regions, may, for example, have life-sty1e patterns re-
lated to prostatic cancer risk that are different from (more rural) areas with
low leve1s of pollution.

C. OTHER NON-LIFE STYI,E EXIVIRONMEIIIAL FACTORS

1. tonizing Radiation

In studies on survivors of the atomic bomb explosions in Hiroshima and
Nagasaki (period 1959-1970), no increased occurrence of prostatic cancer was
found (Beebe et a1., l97B; MandeL and schuman, 1980). A detailed autopsy study
on the prevalence of prostatic carcinoma in Japanese men from Hiroshima and
Nagasaki was reported by Bean and co-workers (1973). Multiple sections of the
prostate were examined in three groups of 71 age-matched men. one group was

estimated to have received more than 100 rad, a second group was in Hiroshima
or Nagasaki at the time the atomic bombs exploded, but did not recej.ve radj.a-
tion, while a third group was not in either of the two cities at the time of
the explosions. Prostatic carcinomas (c1inica1 plus latent) were found in 19,
20, and 19 men, respectively. An update of the data from Nagasaki for the
period L959-L97B, however, suggests a slight excess of prostatic cancer in men

exposed to heavy radiation (wakabayashi et al., 1983). Thus, there are some

indications that ionizing radiation resulting from atomic bomb explosions may

be related to prostatic cancer development in men. From experi.ments wj"th mice
that were exposed to atonic bomb--originated radiation, Upton and colleagues
(1960) concluded that irradiation did not cause prostatic neoplasms under the
conditions of their experiments. Only one prostati.c carcinoma was found among

the many hundreds of mice exposed to different types and intensitj.es of ir-
radiation.

rn some studies with x ray exposure in rodents, however, prostatic car-
cinomas have been reported. Five out of L35 mice ( 3.7e"), exposed to B times
1000 rad del-ivered to the pelvic region on1y, developed prostatic cancer
(Hirose et aL., 1,976). rn furLher experj.ments with rats, it seemed that tes-
tosterone administration enhanced the development of x-ray-induced prostatj.c
carcinomas, and castration had an inhibitory effect (Takj.zawa and Hirose,
1978). The carcinomas were found between 7 and 14 months after the start of
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the exposures. control animafs did not develop prostatic cancer. The latter

experiments, however, are not convincing, because rats receiving x rays only

did not develop prostatic carcinomas, and there was no group that received

testosterone treatment onLy. Therefore, it is impossibte to distinguish be-

tween the enhancement of the effect of radiation by testosterone and the

effects of testosterone aIone. In other studies from the same group, wistar

rats, but not sprague Dawley rats, did develop prostatic carcinomas upon

repeated x-irradiation (watanabe et af. , t9B6). Another indication that x ray

exposure can cause prostatic cancer in rats was found in studies by Brown and

Warren (1978) with parabiosed mafe rats one of which received a single total

body X ray dose of 1000 rad. The incidence in the radiated rats was 25 out of

LLIO Q.2Z), whereas in control rats 1 out of 586 (0.2%) showed carcinonas of

the prostate, The animals that died with tumors survived for an average of J'6

months (range, 8-24 months) after irradiation. In men exposed to x rays for

the treatment of spondylitis, no excess mortality due to prostatic cancer has

been observed, but this was based on only a small nunber (9) of cases (smith

and Do1I, L9B2).

A few recent studies have addressed cancer mortality among workers in the

nuclear industry. Beral et al. (1985) studied workers for the United Kingdom

Atomic Energy Authority, and reported an SMR of 115, based on 15 cases' For

workers with 10 or more years of employment the SIIR was 145 (1-2 cases)'

significant positive associations were found between prostatic cancer rates

and curmrlative radiation exposure (P < 0.001 orr for a 15 years lagged

analysis, p < 0.01; linear trend test), exposure to tritiurn (sI4R = 889; P <

0.05; 6 cases), other unspecified radiation (sm = 254; P < 0.05; 9 cases), or

any dosimeter reading exceeding l- rem (sMR = 594i P < 0.05; 4 cases). The sMR

for plutonium exposure was not significantly elevated (Sltrl = 152; 3 cases)'

Smith and Douglas (1986) studied a cohort of 11,402 men (60% were "industrial"
workers) employed at the UK Shellafield nuclear fuels plant' They found a

nonsignificantly elevated Sl'lR of I2O (19 cases) for prostatic cancer'

Nonsignificantly elevated risks were also reported by wilkinson et af., (1987)

for a cohort of 5413 white male plutonium and other radiation workers at a

United States plutoniun weapons facility. They found an SllR of 142, based on

8 prostatic cancer cases. they reported a relative risk of 3.14 for men with

an overall estimated body burden of 2 nCi or more, which increased to 4'90 and

L0.62 i-f an inductj,on time was assumed of 5 and 10 years, respectively'
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Slight excesses in prostatic cancer risk have also been observed for uranium
miners and radiol-ogists (see Wilkinson et al-., 1987).

In conclusion, there are indications that exposure to ionizing radiation
is rel-ated to the developmen of prostatic cancer in man, but concrusive
evidence is lacking. rn rodents, x-ray irradiation can cause prostatic car-
cinomas. The relevance of the latter finding to human risk is not clear.

2. Water Hardness

From British studies it appears thaL a slight increase in prostatic cancer
occurs in areas with hard water over that occurring in regions with soft water
(Mander and schuman, 1980). This association is, however, weak and additional
studies confirming or disproving a relation between prostatic cancer risk and

water hardness are not avail-abl_e,

D. DISCUSSION AND CONCLUSIONS

occupational factors that have most often been implicated in human pros-
tatic carcinogenesis in the past are cadmium exposure and unspecified ex-
posures in the rubber industry (IARC, 1_982a,b; piscator, 1981). From the
preceding overview of occupational factors and prostatic cancer, however, it
seems that these associations are more mythical than based on hard epidemio-
logical evidence. on the other hand, it cannot be completely ruled out that
cadmiun plays some role in prostatic carcinogenesis, as indicated in the
discussion on dietary factors and prostatic cancer (sections rv.A.7.c and

D.1.c). A link between prostatic cancer risk and the rubber industry in
general seems to be lj.mited to a few specific plants i-n the United States
studied by McMichaeL and co-workers. workers who are invo]ved in mixing and

batch preparation procedures may be at increased risk for prostatic cancer,
but the evidence for this is very limited. enimal studies have shov,n that
prostatic cancer in rats can result from exposure to technical grade, but not
purified N-phenyl-2-naphthylarnine, a widely used antioxidant in the rubber
manufacturi.ng process (rARC, 1982a). These studies support the view that
exposure to some of the chemicals used in the rubber industry is a potential
risk factor for prostatic cancer.
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The increased risk found for farmers and farm workers and for members of

the armed forces seems more consistent than the elevated risk for cadmium

exposure and rubber workers. There is, however, no information on specific

chemical exposures in these groups that can be related to prostatic cancer.

Furthermore, it is conceivabl-e that their occupations can profoundly affect

their life-style, and thus life-style factors may well be related to the

increased risk for farmers and military employees' It is remarkable that

farmers and farm workers seem to be at increased risk, whereas men living in

rural areas are generally at lower risk (see section 1r'G)' Further epidemio-

logical studies on prostatic cancer in farmers, farm workers, and armed forces

employees are clearly warranted. Particul-arly Studies on chemical exposures

and life-style in farmers and farm workers are of interest, as are studies

comparing different job categories in the armed forces, because there is such

a great variation in jobs in the military.

The associations between prostatic cancer risk and the aforementioned

occupational groups are rather weak. The reported relative risks or odds

ratios and Sltrts or SIRS were usually lower than 2 and 200, respectively. In

conclusion, there are indications for weak associations between prostatic

cancer and a number of very different job categories. In addition, there are

indications that prostatic cancer risk is positively related to the leve1 of

particulate air pollution, and that risk is higher in urban areas than in

rural areas. Thus, in general, it seems that exposure to potentially car-

cinogenic chemical factors, either from occupational or environmental sources,

is a weak risk factor for prostatic cancer. However, no specific chemical

exposures have been identi.fied as being related to prostatic cancer risk in

man. In addition, there are data indicating that exposure to ionizing radia-

tion (in any form) is a risk factor for prostatic cancer as well'

The prostate gland is probably capable of metabolizing a wide variety of

chemicals, including chemical carcinogens. Studies in the rat ventral pros-

tate indicate the presence of a nunber of drug-metabolizing enzymes that are

probably cytochrome P-450 associated, enzlmes that can activate chemical

carcinogens aryl hydrocarbon hydroxylase, 7-ethoxyresorufin-O-deethylase

and epoxide hydratase and detoxifying enzymes epoxide hydrolase,

glutathione-S-transferase and UDP-glucuronosyltransferase (Lee et a1., l99Li

Soderkvist et a1., 1982; Suzuki and Lee, 1981). These enzymes can be induced,
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sometimes to a remarkabl-e extent, by compounds such as p-naphthofravone, 1.,2-
dibromo-3-chloropropane, Arochlor 1254 and 2,3,1,8*Lerrachlorodibenzo-p-dioxin
(TCDD) (Lee et al., 1-981; Soderkvist et al-., L982; Suzuki et al., 1981). The

same enzymes are present in a 5000 g supernatant from the rat ventral pros-
tate, and they are capable of metabolizing benzoIa]pyrene (Bap) (Soderkvist et
a1., 1983). The 5000 g fraction of rat ventrar prostate is arso capable of
activating aflatoxj.n 81, 2-acetylaminofluorene (2-aer) and Bap in the Ames,

salmonella/microsome assay (soderkvist et al-., 1983). A variety of chemical-
carcinogens can be taken up by the rat and the dog prostate, as shown by smith
and co-workers (Smith and Hagopian, !971, 1981-; Smith et d1., L977a,b): 3-
methylcholanthrene, 7,1-2-dimethylbenzIa]anthracene (DMBA), aflatoxin 81, I-
hydroxyurethane, 2-AAF, 3-ami.no-1,,2,A-fiiazole, N-methyl-N,-nitro-N-
nitrosoguanidine (MNNG), and cadrnium. Most of these compounds were more

readily taken up by the rat dorsolateral prostate than by the ventrar pros-
tate; onj.y DMBA and N-hydroxyurethane were taken up in higher concentrations
in the ventral- than in the dorsolateral lobe. with the exception of cadmium,

all compounds were also secreted by the rat and canine prostate, as determined
by their appearance in the prostatic fIuid. This may be a route of exposure
of the prostatic epithelium to such compounds. rnterestingly, an androgen-
dependent protein in the rat ventraL prostate (prostatic binding protein)
capable of binding DMBA and Bap has been described by McKeehan and F.ast
(1981). This protein is similar or perhaps identical to prostatic secretory
protein identifj.ed some time ago in the rat ventral prostate (Forsgren et al.,
1-979a, 1979b) as indicated by studies by Soderkvist et aI. (19g6). These

authors also found binding of TCDD to this protein, but another TCDD binding
protein was also identified in the ventral prostate wi"th characteristics of
the TCDD receptor. Further studies (Soderkvi.st and poellinger, !987) sug-
gested that the carcinogen-binding protein may be invol-ved in the intracel-
lurar transfer of TCDD-like ligands to the TCDD receptor protein, resulting in
a receptor-mediated toxic response in the prostate. organochlorine insec-
ticides, such as DDT and dieldrin, also are capable of binding to proteins in
the rat ventral prostate (visek, 1981). rn addition, they can interfere with
androgen uptake and metabol-j-sm in the rat ventral prostate and the mouse

coagn:lating gland (= anterior prostate) (schein and Thomas, 1g75, tg76i Thomas

et d1., L973) and with the binding of Sa-dihydrotestosterone to the ventral
prostatic androgen receptor, probably in a noncompetitive manner (visek,
1981 ) .
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unfortunately very few studies have been done on drug metabolism in the

human prostate. Kahng et aI. (l-981a,b) reported studies with explants and

explant-derived cel1 lines from human prostatic tissue obtained from one young

adult without prostatic pathologlr and 4-B BHP patients, as well as from one

carcinomatous prostate. Both cells and explants demonstrated aryl hydrocarbon

hydroxylase activity that was inducible in vitro by BaP and, to a Lesser

degree, DMBA, but not by MNNG. Cells from BHP patients were more susceptible

to enzyme induction than the cell line from the normal subject, whereas the

explants from the carcinomatous prostate were much less susceptible to induc-

tion than the BHP explants were. DMBA was able to bind to the DNa of celfs

from three different normal subjects (Kahng et dl', 1981b). In studies by

Singuin and co-workers (1984) using homogenates from 6 BHP prostates, cadmium

addition to the homogenates significantly increased the 5ct-reduction of tes-

tosterone and inhibited the formation of the 3a- and 3p-reduced metabolites of

Sc-dihydrotestosterone. In accordance with these observations, the vMu* of

Sa-reductase was increased and th" V*u, of 3a-/35-hydroxysteroid dehydrogenase

was decreased. This probably resulted in increased levels of 5a-dihydrotes-

tosterone in the prostate. Favino et a1. (1968) studied the urinary excretion

of androgens in ten men occupationally exposed to cadmium. There was no

difference with ten age-natched controls. However, one of the ten exposed men

appeared to be impotent and showed a distinctly lower urinary androgen excre-

tion than the other men. It was not clear whether this was rel-ated to the

cadmium exposure in that man.

A1I these studies indicate that the rat ventral prostate and also, per-

haps, the human prostate are capable of accumulating, secreting, metaboJ-izing,

and binding a wide variety of chemical carcinogens and noncarcinogenic chemi-

cals, and that some of these chemicals can affect hormonal processes in the

prostate and, perhaps, at the leveI of the entire organism. This supports the

earlier conclusion that exposure to a wide vari-ety of chemical carcinogens can

be regarded as a risk factor for prostatic cancer.

vr. E\DOGB{OUS FACIORS: TtiE HORMOI'{AL SYSTEM

The prostate is a hormone-sensitive gtand. Androgenic and estrogenic

steroids, prolactin, growfh hormone, and possibly also insulin, corticos-

teroids and others play a role in the normaf development and function of the

-100-



prostate gland (Coffey, 1919; Griffiths et a1.,1979). Castration or estrogen
treatment causes temporary regression of many prostatic carcinomas and their
metastases (see Section I). There is anecdotal information that prostatic
cancer does not occur in eunuchs (Lipsett, 1979). There are, however, some

reports that in castrated dogs prostatic cancer can occasionally develop (Dube

et dI., L984; Evans et dI., 1985). Liver cirrhosis is associated with a

decreased risk for prostatic cancer (see Section IV.A.4.a). This is possibly
related to impaired estrogen clearance and altered androgen metabolism in
cirrhotic patients. The resulting estrogen/androgen imbalances may be causally
related to the development of prostatic cancer (chopra et ar., 1,973i Gordon et
a]., 1975; Robson, 1966; Southren et aI., 1973). Studies on the endocrine
status of prostatic cancer patients in comparison with healthy controls have
not yielded a clear insight in the etiological importance of hormones
(Flanders, 1986; Griffi.ths et al. , t919i Rose, 1986). Differences have been
reported in the urinary excretion of sex-steroid metabolites (Marmorston et
d1., L965a,b), in plasma 1evels of these steroids and of prolactin and
luteinizing hormone (Bartsch et al., 191'ti Ghanadian and puah, 1-98L; Ghanadian

et dI., 1919; Habib et aL., L976b,1979; Harunond et aI., tg].9; Hill et a1.,
1982; Hoisaeter et a]-., 1,982i Rannikko et al., l-981; Rannikko and Adlercreutz,
1983; saroff et d1., 1980), in levels of these hormones in prostatic fluid
(Rose et a1., 1984), and in the metabolism and binding of androgens in pros-
tatic carcinomas as compared with normal or BHp tissue (Bruchovsky et a1.,
1980; Krieg et al., t919). These data are difficult to interpret, and they
provide no information that is pertinent to the genesis of prostatic cancer as
such. Moreover, the disease and its treatment may well influence the endocrine
parameters measured in these studies (Habib et a1. , 7916b; saroff et a1.,
1980), and there are a number of other potential sources of bias as sununarized

by Flanders (1986). The selection of proper controls for these studies is very
difficurt and may be the greatest sources of variation among studies as dis-
cussed by Rose (1986).

Because prostatic cancer is a disease of otd d9€, several investigators
have postulated a relation between the development of prostatic cancer and

changes in endocrine patterns with aging. Griffiths and co-workers (1979) and

Rose (1985) have swmarized most of these studies. with few exceptions, plasma

leve1s of testosterone, particuJ-arIy free testosterone seem to declj.ne with
aging, especially after age 50 (Vermeulen et a1. , l9j2). There are, however,
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conflicting data and most studies do not indicate large differences (Griffiths

et dI., l_979; Rose, 1986). Although steroid metabolism in the prostate seems

to decrease with aging (criffiths et aI., t919), tissue 1eve1s of testosterone

and 5cedihydrotestosterone in the prostate remaj,n remarkably stable during

life (Hanunond, l-978). Serum leve]s of sex-hormone-binding protein and Llg-

estradiol, on the other hand, increase with aging (Griffiths et aI. , t9191,

but conflicting data have also been reported (Rose, l-986). Griffiths and

colleagues (1979) suggested that there is individual variation in the decline

of testosterone levels, which may be related to interi-ndividual variation in
prostatic cancer risk. On the other hand, because tissue testosterone levels

seem to remain constant with aging, other factors may play a more important

ro1e, such as increasing estradiol 1evels, leading to an estrogen/androgen

imbalance.

There are some studies that have investigated endocrine differences in

populations that differ in risk for prostatic cancer. Urinary excretion of

androgens and estrogens is lower in low-risk (South) African Blacks than in

high-risk populations, North American Blacks or whites (Hi1I et dI., 1919,

19BOb, 1981) and E\-lropean Whites (Clifford and Bulbrook, 1966). The ratio of

urinary estrogens to androgens has been reported to be higher and the

androsterone:etiocholanol-one ratio to be l-ower in low-risk populations

(Jamaicans and South African slacks) than in North Anerican Blacks and !'lhites

(Hi11 et dI., L979; Vestergaard, 19'tB). Plasma estrogens, particularly
estrone, were higher in South African Blacks than in North American Blacks of

comparable age ( 40-55 years ) , whereas plasma testosterone and

dehydroepiandrosterone 1eve1s were simil-ar (HiIl et dI., 1980a,b). Plasma

Ievels of androstenedione were higher in South African Blacks than in North

American Blacks, as were levels of follicle stimulating hormone, but not

levels of luteinizing hormone. In black Nigerian prostatic cancer patients and

healthy controls, however, plasma testosterone levefs were lower than black

United States prostatic cancer patients and control-s, whereas there were no

differences in plasma levefs of estrogens and prolactin (Ah1uwalia et dl.,
1981; Jackson et a1. , 1'911).

Black and white North American men have been compared endocrinologically

in a number of studies by Hill and co-workers (HiI1 et a1., 1979, 1980a,b;

1984) and in a study by Ross and colleagrues (1985). Hill and co-workers

-r02-



studied men between 40 and 55 years of age and boys between 1"2 and L5 years.
The differences in pJ-asma hormone leveIs between Whites and Blacks were some-

what different in the two age groups. Androstenedione was higher in Blacks
than in whites at 72 and 13 years, but not different at order ages.
Dehydroepiandrosterone, a precursor of androstenedione, on the other hand, was

l-ower in Blacks than in whites at ages 13 and 40-55, but not different at ages
12 and 14-15. Testosterone, which can be formed from both aforementj.oned
androgenic steroids, was not different at ages 12-L5, and tended to be some-

what higher in elacks than Whites at ages 40-55. Plasma levels of luteinizing
hormone were consistently higher in Blacks than in t,Itrites in alr age groups,
whereas there \dere no differences for follic1e stimulating hormone. plasma

leve1s of 176-estradiol were lower in Blacks than in whites at ages t2-1-4,
higher at age 15, and there was no Black-white difference at ages 40-55.
Estrone, on the other hand, and prolactin were higher in Bracks than whites at
age 40-55 (not measured at age 12-L5). In men of 40-55 years o1d, urinary
steroid excretion was also measured (Hi1r et a1,, 1-979). Blacks had a higher
urinary output of estrogens than whites, but lower excretion of androgens.
Their urinary ratio of estrogens to androgens was also lower than in Vihites,
but the ratio androsterone to etiocholanolone was comparable.

Ross et a1. (1986) took blood samples from 20*year o1d United states
Blacks and whites. Plasma 1eve1s of testosterone, both total and free, and of
estrone were significantly hj,gher in Blacks than in Idhites. There were no
differences for J.7p-estradiol. These observations are consistent with the
findings by Hill and colleagues for 40 to S5-year-ol-d men. rt is of interest
that some of the endocrine dissimilarities between 1ow-risk and high-risk
populations were different when South African BLacks were compared with North
American whites and Blacks than for the comparison between North Amerj.can
Blacks and whites. Urinary excretion of androgenic steroids was higher in
North American Whites than Blacks, but lower in South African Blacks than j.n
North American men. Plasma levels of estrone were lower in North American
whites than in Blacks, but higher in south African Blacks than in North
American men. Pl-asma leveIs of luteinizing hormone were rower in North
American white men than in either black group and similar in North American
and South African B1acks. Fo11i.c1e stimulating hormone and androstenedione
1eve1s, on the other hand, were higher in south African Blacks than in both
North American groups and not different in whites and Blacks in the unj.ted
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states (HiII et dI., 1980b; 1984). These apparent inconsisteocies seem to

suggest that the factors or endocrine mechanisms that determine the dif-
ferences in risk between African Bl-acks and North American Blacks and Whites,

on the one hand, and between North American Blacks and Whites, on the other

hand, are dissimilar. The only more or less consistent finding is that in high

rj.sk populations plasma level-s of testosterone and luteinizing hormone are

somewhat higher than in fow risk populations, but they are never lower. These

findings suggest that a higher pituitary luteinizing hormone secretion and a

resulting higher testosterone production are associated with higher risk for

prostatic cancer.

Interestingly, the endocrine differences that have been for:nd between US

Blacks and !,lhites in these studies are smaffer than the differences that Hill
and co-workers (1980b; 1984) found between North American men and South

African Blacks, both at the ages of 40-55 and 12-L5. This finding correlates

with the difference in risk for prostatic cancer that is mrch J-arger between

South African black men and North American men (3- to 4-fo1d) than between

Blacks and Whites in the United states (1.5- to 2-fo1d). Unfortunately, there

are no endocrine data from mi.grant studies (e.9., on Japanese) available.

Meikle and co-workers (Meikle and Stanish, 1982; t{eikIe et al', 1985)

determined an endocrinological profile of prostatic cancer cases, their
brothers and sons, and control subjects matched for age and a large number of

other variables. No data, however, were avaifable on a possible family history

of prostatic cancer from the controls. Patients and their brothers and their

controls were approximately 45-75 (rnean 58) years o1d, their sons were 24'42

(mean 32) years oId, and their controls 22-43 (mean 36) years. Plasma levels

of testosterone were significantly (P < 0.025-0.OO1) lower in patients and

their brothers and sons than in the controls. Its direct metabolite 5a-

dj.hydrotestosterone, however, was higher in patients and their relatives, but

this was only significant for the sons (P < 0.02). No differences were found

for estrone and 176-estradiol. These data suggest that endocrine mechanisms

may underlie a genetic predisposition for prostatic cancer in men with a

family history of prostatic cancer. These data are, however, contrary to Lhose

found in the preceding studies j.n various black and white populations, in

which high 1eve1s of plasma testosterone seemed to be associated with higher
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risk. This may suggest that the endocrine factors related to familial aggrega-
tion of prostatic cancer risk are different from those associated with dif-
ferences in risk between populations that differ in life style andlor ethnic
background.

Animal studies on hormonar induction of prostatic cancer support a
hypothesis that hormones are involved in prostatic carcinogenesis. Long-term,
high-dose treatment with testosterone propionate (Nob1e, 1917, L9B2; polrard
and Luckert, 1985, 1986; pollard et ar ., 1982), a combj.nation of testosterone
propionate and estrone (Noble, 1_911, L982) and a combination of testosterone
and 17$-estradiol (Drago, 1984) resulted in the formation of prostatic car_
cinomas in the dorsolateral prostate i.n rats. It may be that this response is
li.mited to onry the Nb strain and the tobund-wistar strain (pollard and
Luckert, 1985; pollard et al., j.9a2), but definite evidence for such strain
specificity is, i.n my opinion, lacking at present. The response in the Nb rat
has been shown by two l-aboratories, whereas the studies with the other rat
strain have only been reported by one research group. rn the studies by
Pollard and co-workers and by Drago, a prostatic cancer incidence of ap-
proximately 40? was found, while Noble (1_911, 1982) found incidences between
15 and 20%. However, when a 1-year treatment with testosterone propionate was
followed by treatnent with estrone, Noble (1982) found an j.ncidence of 50%

prostatic cancer' Vlhen he gave estrone first and then testosterone, the in-
cidence was below l-0%. These studies indicate that in rats, testosterone
administration can induce prostatic cancer and that subseguent estrogen treat-
ment can enhance this effect. From studies in dogs it appears that in addition
to androgens, estrogens are involved in the regulation of cellu1ar differen-
tiation of the prostatic epithelium (Leav et a1., 1978; Merk et d1., J-g82,
1986 ) . Although a rol-e for estrogen in the physiology and pathology of the
prostate is currently undefined, it has long been known that circulating
pharmacological levels of the hormone will induce a proliferative epithelial
change termed squamous metaplasia. rt has been shown that squamous metaplas-
tic changes result from a direct estrogen effect on the prostate as the 1esion
can be induced in hypophysectomj.zed dogs treated with pharmacologicaL doses of
the hormone (Leav et aI., 1978). Direct effects of estrogens on rodent pros_
tatic explant cultures have been described (Lasnitski, Lgll), and there are
estrogen receptors in the human prostate (Coffey, l9j9i Griffiths et al.,
1979r,. ofner et aI. (1979) and rsaacs and coffey (1991) have shown that
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estrogen inhibits hydroxylation reactions which represent the terminal com-

ponent of the catabolic 3ft-hydroxysteroid egress pathway that generates

biologically inactive androgen metabolites. Similarly, Isaacs and Coffey

(1981) have reported that estradiol-l-78, administered together with biologi-

cally potent 5o-reduced 17p-hydroxysteroids to castrated or intact dogs, can

al-ter the activities of key enzymes involved in prostatic 5a-dihydrotestos-

terone catabolism so as to favor the net intraglandular formation of this

androgen. Studies by Merk et aI. (1982,1986) have shown that coirbinations of

androgens and estrogens administered to castrated dogs caused marked

proliferation of both basal/reserve and glandular cel-Is (as assessed by the

mitotic arrest method), which greatly exceeded the response due to either

hormone given separately, and induced the formation of a new epithelial ce1l

type. on the other hand, Barrack and Berry (1987) found that in the dog

prostate estrogen alone causes a higher level of in vitro incorporation of

tritiated thymidine into total prostatic DI'{A than did testosterone alone,

whereas the combined treatrnent with both hormones reduced the incorporation of

thymi.dine. The explanation for these contradictory results are not clear'

Merk et aI. (1982, 1986) further reported that other prostatic responses to

this dual hornone treatment were increased testosterone metabolism and changes

in some biochemical measures of androgen activation, which reflected separate

actions of the sex hormones.

In conclusion, there are some indications that elevated circulating 1eve1s

of androgens are associated with increased risk for prostatic cancer' However,

the evidence for this is l-imited, and there are no data availabLe on endocrine

events at the level of the prostatic epithelial- cel1 that can be related to

prostati,c cancer risk. There is, on the other hand, strong circumstantial

evidence that hormones are somehow invol-ved in prostatic carcinogenesis,

because it is an hormonally sensitive cancer that develops from an hormonally

sensitive tissue. Animal studies and other experimental data strongly support

a hormonal hypothesis and seem to point to a role for estrogens in addition to

androgens. It is, however, obscure which hormones are critically involved, and

how and when during the carcinogenj.c process they are important. There is

clearly a need for more information, particularly from studies in high-risk

populations and from whole animal and in vitro experiments, both at the 1eve1

of the target ce1l, and at the level of the entire organism'
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VII. CONCLI,]DING REMARKS

In this review of the epidemiological and experimental data on prostatic
carcinogenesis, a number of factors have been identified as positively as-

sociated with human prostatic cancer risk, They are summarized in Table XIII
in decreasing order of probable importance. These factors can be regarded as

risk factors in the sense that they are positively associated with prostatic
cancer risk, but for none of them has a causative relationship been estab--

lished. Hormones are not indicated as a risk factor in Table XIII. Although,

as demonstrated in Section VI, it is very likely that hormones do play an

important if not crucial rol-e in human prostatic carcinogenesis, it is not

clear which hormones are criti,cally involved, and how they act. Elevated

plasma and perhaps tissue 1evels of testosterone, and, at older ages, elevated

estrogen levels are the most 1ike1y candidates among the hormonal factors to
be possibly involved, Endocrine factors are potential mediators of the

various life-sty1e variabl-es that influence prostatic carcinogenesis (see

Section IV.D). Particu1arly, diet appears to be capable of modifying endocrine

patterns in healthy male subjects.

TABLE XIII. Suffnary of the Factors and Conditions Associated wi.th E]evated

Rj,sk for Prostatic Cancer, in Decreasing order of Importance

Being Black and living in the Untited States (particularly when
unmarried)

Living in a Western country and having a western life-styIe

A high intake of dietary fat, protein, and energy (calories)

A family history of prostatic cancer

a history of venereal disease

Being a farmer or farmworker, or an employee of the armed forces

Exposure to (potentially) carcinogenic chemica] and perhaps ionizing
radiation

Being overweight or obese
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Environmental factors almost certainly play a much more prorninent role in
prostatic carcinogenesis than endogenous factors such as genetic predisposi-
tion (see Section rr). In fact, as indicated above, endocrine factors and

possibly even familial aggregation of prostatic cancer can in part be modified

by the environment. A Western envi.ronment, particularly a Western life-style,
appears to be associated with increased risk for prostatic cancer.

overconsumption of dietary fat, protein, and energy are rather strongly
associated with thj,s increased risk as indicated by epidemiological studies

and, in the case of fat, some animal experiments. The possible positive
association between risk and obesity or overweight may be related to this
overconsumption pattern. Occupational exposure to chemicals and exposure to
pollution and ionizing radiation may also be critically involved in the higher

risk found in western countries than in less affluent areas. Specific
chemical factors, however, have as yet not been identified. Venereal disease

and perhaps also prostatitis, which is often related to sex-induced

infections, are specifically associated with increased risk. Other factors
related to sexuaL behavior, such as sexual drive and activity, have also been

implicated (see Section IV.B).

Prostatj,c cancer is unigue in that it is known at which stage of the

carcinogenic process the majority of the aforementioned environmental deter-
minants probably act. The studies on the prevalence of latent carcinoma of
the prostate in populations that differ in risk for clinical prostatic cancer

clearly indicate that the environment probably acts at the stage of progres-

sion from earIy, sma1I, noninvasive cancers (LI'i'r) to more advanced, larger,
and invasively growing carcinomas (LIT), Detailed studies of the age-specific
prevalence of these two tylpes of latent prostatic cancer in populations at
different risk for clinical cancer should enable one to determine whether this
is so. The age-specific prevalence curves of LN'I tumors in low- and high-risk
populations should be similar at younger ages and at older ages perhaps start
to diverge, whereas the curves for LIT ti-mors should be very different from

the beginning. The data presented by Yatani et aI. (1982) and particularly
those reported by Akazaki and Stenunermann (1973) suggest that this is probably

indeed the case. Very interesting is also the observation that the age dis-
tributi.on for latent prostatic cancer is very similar to that of most other

rrale and female cancers, but that the age distribution of clinical prostatic
cancer, as also indicated in Section II.H, is very different in that it starts
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at a later age, and progresses much more rapidly (Cohen and Dix, 1985). This

may suggest that the environmental determinants of prostatic cancer are in-
creasingly effective in enhancing the progression from latent cancer to in-
vasive clinical cancer wi.th increasing duration of "exposure" to then.

Alternatively, the 1ag phase between the development of latent cancer and the

development of clinical cancer can be the explanation for this unigue age

distribution as argued by Cohen and Dix (1985). Perhaps the very high
prevalence of latent prostatic cancer, that displays the same age distribution
as most other cancers, is related to this peculiar age distribution of clini-
ca1 prostatic cancer. If the latent cancer is the precursor of the clinical
cancer, the latent cancer has to develop first, and then additional steps in
the carcinogenic process, presumably not reguired for the genesj,s of most

human cancers, have to occur leading to progression to invasive, metastasizing
cancer.

US Blacks have the highest risk for prostatic cancer worldwide. It is not

understood at present why this is so. lnterestingly, United States Bl"acks are

in fact a migrant population, They were forcebly brought from Africa to the

United States. To date, as most 1ikeIy also in the days of the slave trade,
African Blacks have a very 1ow risk for prostatic cancer, although this has

not been documented very we1I. A second migration, from rural areas to the

big cities, took place in the first half of this century. This migration was

accompanied by a dranatic increase in prostatic cancer rates in the black
population. Thus, environmentaf determinants of prostatic cancer risk almost

certainly play a major role in the extremely high rates among United states
Blacks today. The shift in the relatj.on between marital status and risk in
Blacks during the last few decades, from singles having the lowest risk to
singles having the highest risk, supports this. However, it i.s also possible

that Blacks are by genetic predisposition more susceptible to risk enhancing

factors than Caucasians.

It is not known what are the critj.cal factors that enhance prostatic
cancer ri.sk i,n United States Blacks 2-fold over the risk in United States

Whi.tes. Differences in life-style between US BLacks and Whites have unfor-
tunately not been well studied; more research on this topic is highly
warrented. Blacks in the United States differ environmentally from !,Ihites in
terms of economic factors. Unemployment among Blacks is at least twice as
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high as in Whites, and conseguently poverty is more common in the black

population; in fact between 19'13 and 1983, three times as many Blacks as

Whites were living below the official poverty 1evel (Bread for the World,

1985), and Blacks constitute an even more disproportionally large fraction of
the poor in United States cities (Shotland, 1986). Stil1, Blacks only make up

some 10-11% of the United States population. Poverty is clearly a causative

factor in under- and malnutritj,on in the United States (Bread for the wor1d,

1985; Blaxter, 1983; Physician Task Force on Hunger in Anerica, 1985;

Shotland, 1986), Infant mortality and l-ow birth weight rates are twice as high

arnong United States Bfacks as among US Whites; both are clearly related to
under- or malnutrition (Physj-cians Task Force on Hunger in America, 1985).

The rural poor in the United States have a deteriorated nutrj,ti,onal status,
both Blacks and Whites as shown by Shotland (1986). In this study based on

data from the Second Nationaf Health and Nutrition Examination Survey (NHANES

II), rural Blacks in general (poor and nonpoor) distinctly more often than

Whites consumed less than two-thirds of the reconunended daily allowance of
calcium, iron, ni.acj,n, riboflavin, and phosphorus, and they had more often

than Whites l-ow serum leveIs of zinc. Similar data on urban Blacks have not

been reported to my knowledge, but it has been observed that the zinc status
in elderly low-income urban Blacks is often suboptimal (wagrner et a1., 1980).

Mettlin (1980) reported that, based on data taken from NHANES r., Blacks,

regardless of their age, less freguently consume fats and oils and fruits and

vegetables than do Whites, and approximately egually freguently meats and

poul-try and eggs. This all strongly suggests that, on the average, United

States Blacks differ in some ways in dietary habits from United States !'lhites,
resulting in a higher freguency of poor nutritional status, and that this is
related to their deprived economic situation, One hypothetical explanation of
the higher prostatic cancer rate in B1acks than in Whites in the United States

could be that their generally higher frequency of suboptimal or poor nutri-
tional status is somehow causally related to their higher risk. This specula-

tion seems in contradiction to the lower risk observed in countries that are

less affluent than the United States, and to the lower consumption of fats and

oils by United States B1acks (see earlier). However, one shouLd realize that
undernutrition in a developing country is like1y to be of quite a different
nature from undernutrition in the poor in an otherwise highly affluent
country. Furthermore, a lower consumption of fats and oils (1arge1y butter and

margarines) does not mean a lower intake of total fat -- very 1ike1y a risk
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factor for prostatic cancer

consumption of fatty foods.

because this is largely determined by the

Another difference between Blacks and Whites in the United States is that,
as indicated earlier, Bl-acks are more like1y than Whites to live in
communities with hazardous waste facilities or uncontrolled toxic waste sites
(Commission for Racial Justice, L987), and black men are rmrch more 1ike1y to
have jobs with a high exposure to potentially carcinogenic chemi.cals (Davis,

1980; Michaels, L9B3). In the studies by McMichael and co-workers (1976b) on

cancer mortality among rubber workers, only 3% of the white workers were

employed in nixing and compounding, whereas 27? of the Blacks worked there.
These processes are the only ones in the rubber industry that were associated
in some studies with an el-evated risk for prostatic cancer (see Section
V.A.2). B1acks are also highly represented in agriculture and foundries, both
perhaps associated with increased risk ( see Section V.A) . It is at present
not clear whether the exposures in these worksites and industries contribute
to the high prostatic cancer rates among Bl-acks or whether the higher risks
observed in these worksites and industries are due to the large presence of
black workers, who are already at high risk for prostatic cancer. Given the
indications that in general exposure to potential carcinogens is related to
increased rj.sk for prostatic cancer (see Section V), the former reasoning j.s

more Iikely than the latter. Furthermore, increased risk has been found among

some predominantly or exclusively white populations of foundry and agricul-
tural workers (Burmeister, 1981; Redmond et al., 1981). Clearly this is an

area that deserves more research.

As suggested previously (Bosland, 1985; Zumoff et al,, L9B2), it may be

that there are two types of prostatic cancerr as has been demonstrated for
breast cancer (De Waard, 1,919\. The two types would probably differ primarily
in their etiology rather than in their cl-inicaL behavior or morpholog'y. This

"two-disease" hypothesis is based on the following observations. In case-

control studies that distinguished between younger (<70 years) and older
patients (>70 years), dietary associations with prostatic cancer were found

only for the older age group, primarily wj.th respect to the intake of fat and

vitamin A (Graham et al., 1.983; Kolonel et al., t983,1987). Endocrine ef-
fects of dietary changes in healthy South African black men were different for
a 40-55 year age group than for men of 70 years and older (see Section
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VI.D.l".d; Hill et d1., L9B2l. Plasma levels of testosterone and 5cr

dihydrotestosterone were lower in 55 to 54-year-o1d cases than in age-matched

cont.rols, but egual to control values in 65 lo B0-year-old patients in a study

by Zumoff and associates (1982). In this study, plasma testosterone Ievels

increased significantly with age (P < 0.01) in prostatic cancer patients,

whereas they decreased with age in controf subjects (P < 0.025). Studies that
attempted to estimate the latency period for prostatic cancer, i.e., the time

between the beginning of exposure to a hypothetical causative agent and the

clinical detection of the disease, also indicate that there may be different
etiologies of prostatic cancer that are associated with different latency

times. Cook and co-workers (1969) calculated a latent period for prostatic
cancer of 45 years after the beginning of exposure to a hypothetical car-
cinogenic agent, which would, as they estimated, start at approxinately age

32. The association between a gonorrhea epidemic in Denmark and peak pros-

tatic cancer rates some 45 years later suggested by Heshmat et al. (L913,

1975) also points to a latent period of 45 years. Goldsmith et aI. (1980), on

the other hand, calculated a latent period of 29 years for rubber workers

employed in batch preparati.on and Lemen et a1. (1976) estimated a latency time

of 28 years for 4 prostatic cancer cases arnong cadmium smelter workers. These

two quite different estimates could suggest that depending on whether there is
a specific continued heavy chemical exposure contributing to the development

of prostatic cancer or whether development of the cancers primarily depends on

enhancement by life-sty1e factors, as might be assumed to occur in the general

population, the latent period is shorter or fonger, respectively. These

interesting observations all suggest the possibility that the etiology of
prostatic cancers that occur at younger ages can be different from what might

occur at older ages. I,leikle and colleagues (Meikle and Stanish, 1982i Meikle

et df., 1985) found a relation between familial aggregation of prostatic

cancer and lower testosterone plasma levefs than in controls. A number of
other studies (see Section vr), on the other hand, strongly suggest a relation
between increased risk and testosterone levels that are higher than expected,

This would suggest that genetic predisposition for prostatlc cancer involves

mechanisms that are different from those that are related to development of
prostatic cancer in men that are not genetically predisposed.

rn conclusion, environmental factors are related to prostatic cancer risk.
They are like1y to act as enhancers of the progression of prostatic cancer.
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Specific causative factors have not been identified. It is, in my opinion,
unlikely that none of the observed positive associations is causatively
related to prostatic cancer risk, either in a direct or an indirect manner.

Attractive candidates for a causative relation are nutritional variables
(particularly intake of fat, protein, and energy), cerLain endocrine patterns
( involving particularly androgens), and sex-rel-ated factors ( for example

venereaL disease). There are many intri,guing observations with respect to
prostatic cancer, most notably the extremely high incidence in United States

Blacks, the possible positive association between risk and vitanin A intake,
and the indications for a "two-di.sease" theory. In Figure 1, an etiological
hypothesis is presented, which is based on the assumption that there is a

sequence of events starting with initiation, and leading to the formation of
first LNT and then LIT tumors, and finally clinical prostatic cancer. It
shows that both the normal prostate and most prostatic carcinomas are hormone-

sensitive. It also shows that a variety of factors can (potentially) cause or
influence initiation and promotion of prostatic cancer, but that life-styIe
factors, particularly diet and nutrition, and, probably to a l-esser extent,
sexual factors are critical determinants of the progression of early cancers

to carcinomas that will develop into clinical prostatic cancer. Genetic
factors that may predispose the gland to neoplastic derangement and endocrine

factors that may be the mediators of some or several of the etiological
factors are also indicated. The data that form the basis for this hypothesis,
however, are not very definitive or detailed, as indicated earlier. Also this
hypothesj.s is -- necessarily -- an oversimplification and does not include the

"two-di,sease" theory.

Much more research is needed to further understand the etiopathogenesis of
human prostatic cancer. Studies regarding diet and nutrition, sexuaf factors,
and endocrine variables have particular potential. A1so, comparative studies
in United States Blacks and Whites, especially case-control studies, as wefl
as prospective studies using latent prostatic cancer as end point ( in autopsy

studies), rather than clinical prostatic cancer would be very fruitful. The

extremely hi,gh risk of United States black males highly warrants further
detailed epideniological- research on this population. Future research should

not be restricted to known or heavily suspected risk factors, such as dietary
fat and vitamin A, and to epj,demiology; it should also explore newer avenues
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FIGURE 1. Hypothesis of the etiopathogenesis of human prostatic
cancer and of the contribution of environmental- factors to pros-
tatic carcinogenesis. The more important a particular factor is
assumed to be, the larger is the letter size in this figure. Re-
fations that are more speculative are indicated with interrupted
lines.

such as the possible influence of ziac and the use of tissue culture of human

prostatic tissue. A1so, future investigations should incfude factors that
were only weakly associated with prostatic cancer risk in previous

investigations but may neverthefess be important in specific subpopulations,

such as exposures to ionizing radiation and chemicals in the rubber j,ndustry

and other occupational situations. Further development of animal models for
prostatic carcinogenesis is needed to enable testing of hypotheses derived

from epidemiology. Only when more is known about the etiology of prostatic

cancer will it be possible to develop a useful preventive strategy.
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Prevention may be particularly effecti.ve for prostatic cancer. Preventive

measures against cancer in general are likely to shift the age-distribution
toward older ages, as has been shown for colorectal cancer (Phj.Ilips, 1980).

Because prostatic cancer occurs chiefly in the very aged, such a shift in age

distribution brought about by preventive measures might well result in an

absolute decrease in mortality and morbidity due to this important human

cancer.
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CHAPTER II

ADENOCARCINOI.I.AS OF THE DORSOLATER.AL PROSTATE

INDUCED IN WISTAR RATS BY

N-I{ETHYL_N-NITROSOUREA, 7, 1 2_DII{ETIIYLBENZ I A IANTHRACENE, AND

3, 2' -DIITETHYL-4_AI,IINOBIPHENYL AEIER SEQUENTIAT TREATI'IENT

WITH CYPROTERONE ACETATE AND TESTOSTERONE PROPIONATE

Maarten C. Bosland and Menk K, Prinsen

ABSTRACT - Groups of 20-25 male Wistar rats (Cpb:WU), nine groups of four-
week-old rats and nine groups of eight-week-oId rats, were given cyproterone
acetate (CA) s.c. or b1z gavage daily for 18 days at a dose of 50 fig^q/day.
Directly following CA treatment, the rats received 3 daily s.c. injections
with testosterone propionate (TP) at a dose of 100 ng/kg/day. On the day
after the last TP administration, a single dose of one of the following car-
cinogens was given to three groups: N-methyl-tl-nitrosourea (MNU) 50 ng^g
i.v. ; 7,12-dimethyl-benz(a)anthracene (DI,IBA) 30 mg,tkg, t.v. i 3,2' -dimethyl-4-
aminobiphenyl (DMABP) 250 mgrtkg, s.c. Three other groups received the sane
carcinogen treatments after 7 days of recovery from the CA administration. The
last three groups received carcinogen without TP treatment, but imnediately
after CA pretreatment was stopped. A 25% incidence of invasively growing
adenocarcinoflEs was found in the dorsolateral prostate region of I week old
rats that had received MNU after CA + TP treatment. In addition, this group
had a 5? incidence of carcinoma in situ and a 5% incidence of atypical hlper-
plasia in the dorsolateral prostate-. Lower incidences of adenocarcinoma of the
dorsolateral prostate region, and of carcinoma in situ and atypical hlper-
plasia of the dorsolateral prostate were -found-In other groups that were
treated with MNU or DIiIBA after pretreatment with CA, followed by TP or recove-
ty, but never in rats that had been treated with CA on1y. In the groups
treated with DMABP. which is slowly metabolized, these lesions were also found
in groups that were pretreated with only CA. The carcinomas seemed to origi-
nate from the dorsolateral prostate and their average latency-time \,ras ap-
proximately 65 weeks. The 8-week-o1d rat injected with MNU after seguential
treatment with CA and tP may provide a relevant animal model for human pros-
tatic cancer.
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II$IRODUCTION

Prostate cancer is one of the main human cancers in the Western world. The

etiology of this neoplastic dj.sease is essentially unknown t1-31. Research on

prostatic carcinogenesis has been impeded by a lack of adeguate and reliable
animal models. Growth of prostatic carcinomas beyond the phase of progression

to invasively growing carcinoma can be studied in a few transplantable systems

t4-61. However, certain factors influencing the transition of earfy non-

invasive latent carcinomas into invasive adenocarcinonas are thought to be

decisive for prostatic cancer risk in man [1,'7,Bli specifically a role for
diet and sexual factors has been suggested in this respect [1-3,9,10]. There-

fore, it is essential that appropriate animal models of prostatic carcinoge-

nesis possess identifiable earl-y neoplastic stages that allow the study of
such factors.

Spontaneous prostatic adenocarcinonas that have been reported in some rat
strains provide the possibility of studying the genesis of proliferative
lesions of prostate epithelium in aging animals [11-13]. However, these Ie-
sions develop in the ventral- prostate 1obes, for which there is no human

homologue [14,15]. Furthermore, they only occur at a very o1d age, r.e.,24
months and older 1L2,131. Both features -- site and latency -- are not desi-
rable for an appropriate animal model for prostatic carcinogenesis. Hormonal

induction of prostatic cancer has been reported in some rat strains [5,16].
This approach involves lasting, profound changes in the endocrine milieu,
notably long-term treatment with androgens at high doses. At least some

modifying factors of prostatic carcinogenesis are believed to act by affecting
relevant hormonal systems t1-31. Therefore, hormonaf induction of prostatic
cancer is not a very appropriate model for prostatic carcinogenesis; and, it
is particularly unsuitable for studying modification of prostatic carcino-
genesis.

Several attempts have been made in the past to induce prostatic cancer in
animals by chenical carcinogens directly applied to the prostate [17]. Mainly

squamous cell carcinomas were found, which are not relevant, since in nan

almost only adenocarcinomas occur. In mice, adenocarcinomas have been repor-

ted to develop in prostatic tissue wrapped around 3-methylcholanthrene crys-
tals [18]. X-irradiation of the pelvis in rats also resulted in some prostatic
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adenocarcinomas [19,20]. However, neither system provides a reliable and

convenient model. Fingerhut and Veenema [21] reported carcinornas induced in
gonadectomized animals having atrophied prostates. Neither Katayama et al.
l22l nor we (M.C. Bosland, unpublished observations) could Recently, hyper-
plastic epithelial changes of the ventral prostate were described after repea-

ted systemicr administration of N-nitrosobis(2-oxopropyl)anine [23J. These

hyrperplasias, however, developed into squamous ceII carcinomas and not adeno-

carcinornas. In a study by Katayama et al. 122), rcpeated parenteral injection
of 3,2'timethyl-4-aminobiphenyl (Dl'lABP) resulted in epithelial proliferative
lesions of the ventraL prostate classified as adenocarcinoma in situ in 338 of
the 293 rats used. These observations were recently confirmed by Shirai et al.
t241.

A well-known phenomenon in chenical carcinogenesis is the enhancing effect
of ceI1 proliferation in the target tissue during treatment with carcinogens
leading to fixation of prom.rtagenic DIrlA lesions 125,261. In the rodent ven-
tral prostate, but also in other accessory sex glands in ma1es, ceI1 prolife-
ration can be induced b1'daily administration of androgens to animals that are
castrated 7-30 days previously 127 ,281. to this system. the rate of ceII
proliferation usually reaches a peak on the fourth day of androgen Edministra-
tion 1271. we applied tenporary chenical castration rather than surgical
castration, and gave a single carcinogen administ.ration after three daily
testosterone injections following cessation of the chemical castration. This
would ensure an intact status of the aninals during the prornotion and progres-
sion stages of prostatic carcinogenesis. PreJ.irninary data of the effects of
N-methyl-u-nitrosourea (MNU) have been pr:blished previously t291. The data
from that paper were reevaluated and incorporated in the present report. In
addition, the effects of this treatment on rats that were prepubertal at the
start of the CA treatnent, and that had juvenile prostates, were conpared with
those on young adult rats with actively secreting prostates. The carcinogens

selected for this study are knorrn pluripotent carcinogens in rats, belonging
to three categories of chemical carcinogens: MNU, 7,l2-dimethylbenzIalanthra-
cene (DIBA), and DllABP. DI'IABP has also been claimed to induce in situ adeno-

carcinomas of the ventraL prostate in F344 rats [22].
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MATER]ALS AND METTTODS

Animals

Mal-e random-bred Wistar rats (Cpb:I,iU), obtained from the Central Institute for
the Breeding of Laboratory Animals (CPB-TIrlo), Zeist, the Netherl-ands, were
used after at l-east one week of adaptation. They were housed, 5 to a cage, in
stainless steel wire-mesh cages,^in a conventi.onal, well-ventilated room, at
an ambient temperature of 23 + 1"C, and 50 1 10% relative humidity, lighted 12
h/day. The rats had ad libitum access to an in-house prepared natural in-
gredient diet and to tap water, both regularly screened for a large mrnrber of
contaminants. At 4 or 8 weeks of age, the animals were randomly assigrned to
the various experimental groups as indicated below.

Chemicals

CA (CAS: 427-51-0; Schering, Berlin, F.R.G.) was either used as the pure
compound, dissolved in benzyl bezoate and ricinus oil (1:5, v/v) at a con-
centration of 85 mglm1, or as Androcur@ tablets (50 mg CA,ztablet) dispersed in
tap water. A TP (CAS:57-85-2) solution in oil (50 ng7 mf, Neohombreol@ ) was
obtained from Organon, Oss, the Netherlands. A 15% fat emufsion containing 5

mglm1 DMBA (Cas: 5Z-97-6; upj
was stored at 4"C in the

ohn, Kalamazoo, Nlr) as described by Schurr t301
dark until used. MNU,

(CAS: 684-93-5; Sigma, St. Louis, MO), stored at -2
wetted with 3% acetic acid
OoC until used, was fresh-

1y dissolved in saline, 10 mglml, yielding a pH of approximately 5.5. DMABP
(CAS: 13394-86-0) was freshly prepared from DMABP.HCI (Ash Stevens Inc.,
Detroit, MI) rby dissolving in ether and treatment with a saturated sodium
bicarbonate solution. After dehydration with magnesium sulfate and evapora-
tion of the ether, DMABP \,ras inunediately dissolved in corn oil at a concentra-
tion of L20 ng/nrl .

Experimental oesign

A suwnary of the experimental protocol is given in Table I. At 4 or 8 weeks
of d9e, the rats were divided into 6 groups of 20 (Experiment A and B) or 25
animals (nxperiment C) each. They were given CA daily for 18 days, at a dose
of 50 ng^g. CA was administered by s.c. injection in oil in Experiments A
and B. In Experiment C, CA was administered by gavaging a suspension of CA-
containing tablets dispersed in water. The suspension was constantly stirred
and the gavagj.ng syringe was swirled until just before gavaging. The reason
for using CA in tablet form was the unavaifabj,lity of the pure eompound in
sufficient large amounts at the time of Experiment C. Directly after CA treat-
ment, groups 1 and 2 ot each experiment were adrninistered TP, 100 mq^g,
daily, on days t9,20 and 21 of the experiment between B and L2 a.m. on day
22, carcinogen was administered as detailed below. Groups 3 and 4 were a1-
lowed to recover from CA treatment from day L9 till day 25, and received
carcinogen on day 26. Groups 5 and 6 were administered carcinogen directly
after the CA pre-treatment, on day 19.

The dosages of CA and IP and the duration of the treatment and the recove-
ry period for groups 3 and 4 of each experiment were chosen on the basis of
data from pilot experiments on the effects of CA and TP on accessory sex gland
weight and body weight (see Results). In these pilot experiments, rats of the
sane strain and age were used and the same pretreatments were given, using
various dosages of CA and TP and different durations of treatment and
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TABLE r - sumnary of the experimental protocol of Experiments A, B, and c

^aGroup

Age at
start
expt.

( weeks ) Treatment

4

B

1,

2

4

B

3

4

4

B

5

6

oay 1-18: Cab

Day 1-18: CA

Day 1-18: CA

Day 1-18: CA

Day 1,-18: CA

Day 1-18: CA

Day 19-21: Tec

Day 19-21: TP

Day 19-25: RCe

Day 19-25: RC

Day 19: carcinogen

Day 1-9: carcinogen

Day 22, car"irrog.nd

Day 222 carcinogen

Day 22: carcinogen

Day 222 carcinogen

a
b

c
d

e

N = ?0 (Experiments A and B), or n = 25 (Experiment C).
cA:.50 ng,tkg/day, uy !.c. injection dissolved in oir (Experiments A and B),or by gavage suspended in water (Experiment C).
IP: 100 ng/kg/day, by s.c. injection dissolved in oiI.
Carcinogen: Experiment A: IVINU, 50 mg/kg, i.v., in saline (pH 5);

Experiment B: DMBA, 30 mgr4<g, i.v., in fat emulsion;
Experiment C: DIVIABp, 250 ng/kg, s.c., in oi1.

RC: recovery (no treatment) after LB days of CA exposure.

recovery. The pre-treated rats were compared with controls and surgically
castrated rats. The time of carcinogen administration was based on ituaieiperformed by coffey et aI. [2i], who showed that on day 4 of androgen treat-
ment of surgically castrated rats there is a maxj.m:m j.n ie11 prolifeiation in
the prostate.

The effects of CA on body weight and accessory sex glands weights wereroutinely monitored in satellite groups of 5-10 rats in all experirients (see
Results). Animals were checked daily and killed when moribund. Surviving rats
were killed at 81 (experiment A), j9 (Experiment B) or 78 weeks (Experim5nt C)after carcinogen-treatment.

Carcinoqen Treatment

9! duy 21 (groups 1 and 2), day 26 (groups 3 and 4) or day 19 (groups 5 and6), the rats were transferred to a clrcinogen-containirent aria in the sameanimal.facility and housed, 5 to cage, in disposable plastic cages with filter
lopu . 

(scanbur,, Koge, Dennark) containing sterilized sawduit bedding. rn
Experiment A, the animals received a single-i.v. injection in the tair v6in of
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MNU at a dose of 50 mglg, immediately after the MNU solution was prepared.
In Experiment B, a sin916 tii.1 Vein injection of DIBA, 30 mg,tkg, was given.- In
rxperiment C, a sing16 s.c. DMABP i.njection was given at a dose of 250 ng^g.
Caicinogen was given-between 10 a.m. ind 1 p.m. in all _experimells. . 

The

dosages" used w6re based on the lowest lethal dose described in the literature
(mrui reference 31) or found in prelirninary experiments (DMBA and DI4ABP), and

were aimed at a maximal (sub)acute rnortality of 5% or less. Extensive safety
measures were taken during carcinogen exposure and a period thereafter to
protect workers (fyvek -lumpsuits + hoods,/shoecovers; double latex gloves;
fufOSrrupproved toxic-partiile- respirators; working in pairs; carcinogen injec-
tion in- anesthesizel (ether) animals; showering after disppsal of protective
gear), and to prevent contamination of the environment (carcinogen administra-
tion and animal housing in an area at negative pressure, fitted with air-locks
and HEPA-fiLtered air-6xhaust; double-bagged waste stored in airtight closed
incinerable plastic barrels). A11 waste was incinerated at 1200"C. After a

p"iioa of 2 wleks (MNU), 4 weeks (DMBA) or B weeks (DMABP), considered safe
,itr, regard to excretion of the carcinogen (MNU: reference 32; DMBA: M.

Bosland and a. Schouten, unpublished observation; DMABP: reference 33), the
aninafs were returned to a conventional room and wire-mesh cages.

Pathology

The animals were killed by exsanguination via cannulation of the abdominal
aorta while under ether anestlresia. Each rat was subjected to a complete
iutopsy, and all observed gross lesions were recorded. The following tissues
were'p?eserved in a 4? ag.r6ous, neutral, phosphate buffered formaldehyde
solution: accessory sex glands (dorsotateral and ventral prostate f9!t:,
ampullary glands, coagulating glands, and seminal vesicles) and urinary blad-
der in 't6to, pitui[.ary, lhyroids + parathyroids, adrenals, 1ungs, liver,
spieen and-Eli g?o"" lesions. Tissues weie embedded in a paraffin wax, and 5

p;,-thicX sections were prepared and stained with hematoxylin and eosin (H &

i). sections of pituitary,-thyroids and adrenals, made at 3 1evels, and of
iir"r, spleen u.rd utt gioss Lr*or-Ii,ke lesions were examined microscopically.
Lungs'wer; histologicaliy examined to detect metastases. In the pilot experi-
*".rf.", ventral ana doisolateral prostate were guickly dissected and weighed
and subsequently fixed. In the tumor-induction experiments, the accessory sex

glands were diisected after fixation as fol1ows [see also 34]. Urinary blad-
6"r *as trinuned away, leaving the prostati.c part of the urethra in p1ace.

Then, the ventral |rostate lobes lnd seminal vesicle/coagulating gland struc-
tures were cut away from the dorsolateral prostate complex, and embedded

""piiut"fy. 
The dorsolateral prostate complex (with ampullary-g1ands and

prlstatic-urethra) was cut in halves, transversely at a right angle to--the
urethra. T\ue1ve to fifteen step sections were made at approximately 200 pm

distance of the ventral prostate 1obes, of the dorsolateral prostate lobes
(divided in 2 parts), including the ampullary g1ands, and of seminaf vesicles
and coaglrlating-gIands. A11 tiisues weie examined by the sane pathologist
(l,l.C.B.i. Some accessory sex gland tumors were Sampled for electron micros-
copy: :-S nuni pieces of tGor tiisue were f,ixed in 3% glutaraldehyde solution
in -O.f 

U sodium cacodylate LpH7.2) at 4'C for L1 hours, and stored in 0.1 M

sodium cacodylate buffei at 4oC until further processing. .Post-fixation was

carried out in a 48 osrnium tetraoxide solut.ion in 0.1 M sodium cacodylate for
17 hours. After dehydration, the tissue pieces were embedded in g1ycid eth91-
araldite. Semi-thii sections were stained with methylene b1ue. Ultra-thin
sections were contrasted with uranyl acetate and lead citrate and examined

using a Philips EIil 201 G at 60 KV.
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Statistical analysis

Differences in body weights, relative weights of prostate Iobes, and mean
survivar were analyzed by means of a student's t-test. Differences were
considered statistically significant at the 95% Ieve1 (one-sided for weight
data and two-sided for survival). Incidences of tumors and other histopatho-
logical data were not statistically analyzed, but gualitativery evaluated,
because the presence or absence of prostatic lesions was of prirnary interest
in this study, and not guantitative differences between treatment gioups.

RESULTS

Effects of Pretreatment with CA and Tp on Body Weiqht and Acces sory Sex Gland
Weights and Morphology

rn preriminary experiments, 18 daily s.c. doses of 30 and 60 ng/kg cA appeared
to be egually effective in reducing ventral and dorsol-ateral prostatic weights
in B week-o1d rats, and about equally effective in inhibiting prostatic growth
in 4 week-o1d animals (data not shown). Surgical castration was somewhat more

effective than CA treatment in 4 week-old rats and clearly more effective in B

week-oId animals, but body weight was equally depressed j-n surgically castra-
ted rats and CA-treated animals (data not shown). On the basis of these data,
a daily dose of 50 ng/kg CA was selected for further studies.

oral administration of 50 ngr4<g/day of CA (a suspension of cA tablets
suspended in water) for 18 days appeared to be about egually effective in
reducing body and prostatic weights as the same dose administered by s.c.
injection in B week-oId rats, but was slightly Less effective in reducing
prostatic weights in 4 week-old rats (examples are shown in Tables rr-rv).
This dose was subsequently used in experiments with oral CA administration.

A three day period of treatment with Tp (100 ngrkg/day) caused drastic
increases in relative prostate weights and a slight increase in body weight
(Table IIr). These increases were comparable to those observed after a 7 day
recovery followj,ng cA treatment (Tab1e rv). A 14 day recovery resulted in a

further increase in ventral prostatic relative weight, but it did not result
in further return of body weight and dorsoLateral prostate relative weight to
control values (Tab1e rv). A Tp dose of 100 ng/kg/day and a 7 day recovery
period were seLected for studies involving carcinogen administratj.on.
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TABLE II - The effect of 18 days s.c. CA treatment on body weight and

relative weights of dorsolateral and ventral prostate of rats

Relative weight (ng/1'OO g body weight)a
Age at
start

of expt
(weeks ) Treatment

nody weighta
(s)

Dorsolateral
prostate

ventral
prostate

14244

4

Control

CAb

Control

CA

14615

12'7 t 4 (87)

21915

218 t 3 (78)

56t5
35 t 3 (64)

46t6
L5 t 2 (321

9'7 ! It

35 t (36) d

c'd 13 t l- (57)d d

B

B
d d

a
b
c
d

Means + sEM of 5 rats per group are presented.
CA: 50 ng/kg,/day, s.c. in oi1, for 18 days.
Percentage of control value is given in parentheses.
P < O.OI for difference with control value (t-test; one-sided).

TABLE III - The effect of 18 days oral CA treatment on body weight and

relative weights of dorsolateral- and ventraf prostate of rats

Rel-ative weight (mgl100 g body weight)a
Age at
start

of expt
(weeks ) Treatment

nody weighta
(s)

Dorsolateral
prostate

Ventral
prostate

4

4

4

Control

CAC

cA + TPc'e

l"B0 t 9

149 t 12 (83)

153 t 3 (88)9

41 t9
36 t 4 (17)f

57 I 9 (l-21-)h

59t11

34 t 7 (52)9

91 1 t7 (81)f'h

d,g

a
b

d

f
I
h

Iileans t SEM of 4 rats per group are presented.
Control: water, t rl,tday, by gavage for days 1-18.
CA: 50 mg/kg/day, suspended in water, for days 1-LB.
Percentage of control value is given in parentheses.
TP: 100 mgTkg/day, s.c. in oiI, for days 19-21.
P < 0.05 ior difierence with control value (t-test; one-sided)
P < 0.01 for difference with controf value (t-test; one-sided)
P < O.01 for difference with CA treailrcnt (t-test; one-sided).
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TABLE IV - The effect of oral CA treatment for 14 and 21 days, followed by a
7- and a 14-day recovery period, on body weight and relaLive weight
of dorsolateraL and ventral prostate of rats B weeks old at the
start of the experiment

Relative weight (ng/L00 g body weight) b

Days
1n Body weighta

(s)
Dorsolateral

prostate
Ventral
prostateTreatment expt. N

Control

controlc

Control

Control

Control

cAd

CA

CA

CA

CA

5

5

5

10

5

s (103)"

5 (90)

€s (87)-

10 (93)f

13 (92)r

71 s5
82t3

11016

92t6
113 1 L1

10518

28 t 3 (30)

55 t 5 (49)

78 t 6 (75)

0

n

14

21,

28

35

21,

2T

2l

L4

1

24

24

24

1,6

I

233

290

311

328

355

240

262

211,

305

328

t
t
t
1

+

I
t
t
t
t

t4

2L

28

35

39 1 2 (55)

60 1 5 (73)

83 t 3 (75)

f

f

f

f

f

f

a
b
c
d
e
f

Means + SEM of N rats per group are presented.
Means t SEM of 7-B rats per group are presented.
Control: water, 1 mllday, by gavage for days 1-18.
C.A: 50 ng,tkg/day, suspended in water, for days 1--18.
Percentage of control value is given in parentheses.
P < 0.01 for difference with control value (t-test; one-sided).

In Experiments A, B, and C body weights were routinely monitored in all
animals, and prostate weights were measured in satellite groups. Tables II
and III represent typical examples.

Morphologically, CA treatment resulted in depressed prostatic activity in
comparison with controls, as evidenced by smaller a1veoli, decreased epithe-
1ial heLght, and a smaller supranuclear area (rigure 1). Tp treatment for
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three days, following CA adrninistratj.on, greatly increased epithelial cell
height, in particular the size of the supranuclear region (Figure 2). Mitotic
figures were distinctly more freguently seen in in the prostate of TP treated

rats than in control prostates, in which nitotic activity was rare, whereas in

animals treated with only CA, no mitoses were present in the prostate.

Fig. 1.
18 days

Dorsolateral prostate after
of CA treatment. H & E, x95.

Eig. 2. Dorsolateral prostate after
18 days of CA treatment, followed by
TP administration for 3 days. H & E,
x95.

Survival

The average survival in the various treatment groups ranged from 58 to 14

weeks, but did not differ considerabty among the 3 experiments (Tables V,

VIII, and XI). Survival- was similar in Experiment A and B (average survival

63 and 60 weeks, respectively), and somewhat longer in Dl,lABP treated rats

(Experiment c, average of 69 weeks). within each experiment, there were no

significant differences in survival anong the 6 groups. Exceptions were group
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1 in Experiment C, in which mean survival.was 60 weeks versus 68-74 weeks in
groups 2 and 4-6 (P < 0.05), and group 5 in Experiment A, that survived
longer (67 weeks, P < 0.05) than groups 1 (58 weeks) and 3 (59 weeks).

Acute mortality was 1ow: in groups C-l as well as C-2 one rat died shortly
after DMABP treatment. In some other groups one or two animals were lost for
pathology due to severe cannibalism or autolysis.

Adenocarcinomas of the Dorsolateral Prostate

In all three experiments, adenocarcinomas located in the dorsolateral region

of the prostate were found in several groups (Tables V, VIII, and xI). These

adenocarcinomas always involved the dorsolateral prostate, ampullary glands

and the base of seminal vesicles and coagnrlating glands, whereas the ventral
prostate lobes and the apical parts of the seminal vesicle-coagulating gland

complex were always free of these maligrnant tumors. Even the smaller tumors

involved more than one structure, and thus their exact site of origin was not

c1ear. However, lesions classified as carcinomas jn situ were found only in
the dorsal or fateral l-obes of the prostate, and not in any of the other

accessory sex glands (Table V, VIrr, and xr). rn a separate paper [35],
several- characteristics of these carcinomas (in situ), including their mor-

phology, are described in detail.

In experiments A and B, carcinomas and carcinomas in situ were only found

in rats that had been treated with TP or that were allowed to recover after CA

administration before carcinogen was given (Tab1es v and vrrr). No carcinomas

were found in animals that were given carcinogen directly after pre-treatment

with CA only in these experiments. In Experiment C, however, carcinomas were

not found in rats pre-treated with CA and TP, but only in animals given CA

with or without recovery (Tab1e xr).

In the groups that were i,njected with MNU, following pretreatment with CA

and TP, the incidence of adenocarcinomas and carcinomas in situ of the dor-
solateral prostate was 30% in group A-2 (rats treated from B weeks of age) and

10% in group A-L (rats treated from 4 weeks of age). In other groups and

experiments, the incidence of carcinomas in the dorsolateral prostate was low

( approximately 5% ) .
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TABLE V - Experiment A: Incidence and types of tumors of the accessory sex
glands in rats given a single intravenous injection of MNU, follow-
ing pretreatment with CA alone for 18 days, or with CA followed by
TP for 3 days, or by a 7 day recovery

Number (Z)a and survival of
rats with primary tumors in

Dorsolateral prostate region

Age at
start

of expt
Group Treatment (weeks)

Ef fe c-
t ive

no. of
ratsb Survivalc

Adeno-
carc inoma

Survival of
rats. withd
carc lnoma

A-1

A-Z

A-3

A-4

A-5

A-6

20

20

20

l9
20

l9

CA+TP+MNU

CA+TP+MNU

CA+RC+MNU

CA+RC+MNU

CA+MNU

CA+MNU

4

I
4

8

4

8

58+4

62+3

5 9+3

64+4

67 +2

65+4

l(s)-
s(2s)

1(s )

80

63 +5

46

a

b
c
d

e

--- = No tumors observed,
Initial number of rats was 20.
Time of death (weeks) after carcinogen administration, mean + SEM,

Time of death with tumor: weeks after carcinogen administration; mean 1 SEM

or individual data (when n < 2).
This tumor was of microscopic size.

The survival of animals with adenocarcinomas of the dorsolateral prostate

region was similar to the mean survival of other rats (Tables V, VIII, and

xI). It ranged from 46-80 weeks after carcinogen treatment j-n the various

groups and experiments (mean 61 weeks). Carcinomas in situ of the dorsolate-
ral prostate were only observed in animals that were sacrificed at the end of
the experiment, or close to that moment (Tables V, VIII, and xI). An excelF

tion was an animal in group B-2, that was ki1led at 42 weeks after DMBA injec-
tion following recovery from CA, while moribund due to a generalized 11mphoma,

and showed a carcinoma in situ in the dorsolateral prostate.

-L42-



TABLE V - Continued

Number (Z)a and survival of rats with primary tumors in:
Dorsolateral Dorsolateral

prostateprostate re g 1on Ventral prostate

Sarcoma

Survival of
rats witdFr
sarcoma

Carc inoma
in situ
lcrsl

Survival
of rats,

with CISo

Pap i1 lary
cyst-

adenoma

Survival of
rats wit.f
ad enoma

1(s)

l(s)
81

78

l(5) 40

1(s)'

1(s)s 64

f
c

Undif f erent iated sarcoma
Histiocytic sarcoma.

Sarcomas of the Dorsolateral Prostate

In Experj-ment A, two sarcomas located in the dorsolateral prostate region were

found (versus 9 carcinomas) (Table V). rn Experiment C (DMABP), and par-
ticularly Experinent B (DMBA), there were more sarcomas in the dorsolateral
prostate region: respectively 3 (versus 3 carcinomas) and 7 (versus 2 carcino-
mas). The sarcomas appeared to occur randomly in the various groups (Tab1es

V, VIII, and Ix). A few tumors had light and electron microscopic charac-
teristics of neurogenic sarcomas or leiryosarcomas. The great majority of the
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TABI'E VI - Experiment A:
lesions of
intravenous

Incidence and types of hyperplastic and metaplastic
the accessory sex glands in rats given a single

injection of MNU, following Pretreatment with CA alone
for 18 days, or with CA followed by TP for 3 days, or by a 7 day
recovery

Number (%)a of rats with lesions in:

Dorsolateral prostate
Ventral
prostate

Age at
start

of expt
(weeks )

Atvp-
ical

hyper-
plasia

React ive
hyper-
p 1as ia

Squamous
meta-

Atyp-
ica 1

hype r-
plasiab plasia b

NGroup Treatment

A-1

A-Z

A-4

A-6

CA+TP+MNU

CA+TP+MNU

CA+RC+MNU

CA+RC+MNU

CA+MNU

CA+MNU

4

8

4

8

4

A

19

20

16

16

l9
16

1(s)

t(s)
1(6)

1(s)

3(ls)
1(6)

16(84)

16(80)

7 (44)

11( 6e )

ls(7e)
1r(6e)

19

20

17

L7

20

16

2(10)

r(6)

a

b --- = No lesions observed.
N = number of rats from which tissue was evaluatedi only tissues without
signs of autolysis are included.

tumors were diagnosed as histiocytic sarcomas, based on the following charac-

teristics t36-381. They consisted of uniform masses of mesenchlmal cells that

did not show a storiform gro\rth pattern, and that had occasional necrotic

areas (Figure 3), in some cases surrounded by pallisading cefl-s. The tumor

cells were rather large and irregularly shaped, as were their nuclei (Figures

4 and 5), which often had prominent nucleoli (Fi.gure 4) and chromatin con-

densed along the nuclear envelope (Figure 5). The turnor ceII cytoplasm was

light microscopically granulated-vacuolated to foany (Figure 4), and ultra-
structurally contained many vesicles, vacuol,es and lysosomal Structures

(rigure 5). Interdigitating cytoplasmic pseudopodia were frequent, and there

was a variable amount of intercellular coIlagen. The primary sites of metas-

tatic spread were liver and 1ung. Multinucleated giant cells and erythropha-
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TABLE VI - Continued

Number (%)t of rats with lesions in:

Vent ral
prostate Seminal vesicles

Coagulat ing
glands

Ampul lary
g lands

React ive
hype r-
plasia Nb

Atvp-

hyper-
plasia

React ive
hype r-
plas ia

Hyper-
trophy/
hyper-
plasia Nb

React ive
hype r-
plasia Nb

React ive
hype r-
plasia

7 (31)

3(ls)
2(t2)
5 (2e)

6(30)

s(31)

20

20

l5
15

18

l6

1(5)

s(2s)

11(ss)

16(80)

l0(67)
r4(e3 )

rr(61)
3(1e)

20

20

15

l5
t8

I6

r(s)
3(ls)

19

18

15

16

l9
16

3(16)

8(44)

6(40)

7 (44)

s(26)

2(r3)
l(7) l(7)

1(6)

gocytosis as described by others for these tumors t36-38l were very infre-
guently observed in this study. The number of mitoses was variable.

T\rmors of Other Accessory Sex Gl-ands

In Experiment A, a benign tumor of the ventral prostate was found in group 2.

This microscopic-size tumor was classified as a cystadenoma. Its appearance

differed from ventral prostate trmors described by others 111-L3,22,241. No

microglandular or cribriform growth pattern was seen, but the tumor consisted

of large m:1tip1e cysts containing amorphous eosinophilic material, similar to
nornnl prostatic secretum, and hyperchromatic, otherwise normal epithelial
ce11s Iined the papillary projections into the cystic lumen (Figure 6).
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In Experiment B, no tumors were observed in accessory sex glands other than

the dorsolateral prostate. However, in Experiment C (DMABP), two adeno-

carcinomas were found in group C-6 that clearly originated from the seminal

vesicle (Figure 7), while one distinct coagulating gland adenocarcinoma (Fignr-

re B) was seen in a rat from group C-4. These tumors were all found at the

terminal kiII, and were of microscopic size.

Non-Neoplastic Proliferative Lesions of the Accessory Sex Glands

Dorsolateral Prostate. Lesions, classified as focal atypical hyperplasia,
were found in Experiment A (MNU) in groups L, 2 and 3 i,n a low incidence
(Tab1e VI). No such lesions were observed in Experiment B (DMBA), while a few

atypical hyperplasi,as occurred in groups 1 and 5 of Experiment C (DMABP; Table

xII). The morphology of these lesions is described in a separate paper [35].

Reactive hyperplasia associated with acute and chronic inflanunatory pro-
cesses was common in the dorsolateral prostate in all groups in all experi-
ments. The incidence was variable: 26-84e, (mean: 58%; Tables VI, Ix, and

xII), In Experiment A the incidence was higher (mean: 71%) than in the two

other experiments (mean: 51 and 52% in Experiment B and C, respectively).
There was a tendency to a lower incj-dence in groups 3 and 4 (mean: 45 and ALZ

respectively for all 3 experiments taken together) than in the other groups

(mean: 60-71U ). this type of hyperplasia was distinctly different from atypi-
cal hyperplasia (see reference 35): It was simpfe hyperplasia leading to
thickening of alveolar epithelium up to several layers of celIs. The arrange-
ment of the ceffs was sometimes pseudoglandular, but no microglandular or
cribriform growth and no distinct atypia (as in alypical hyperplasia) was

observed. The reactive hyperplastic changes were accompanied by pol]mor-
phonuclear and mononucl-ear inflammatory ce1l infiltrate (Figure 9). The diag-

Fig.3.
necroti

Histiocytic sarcoma in the dorsolateral prostate region
c area (arrows). H & E, x95.

Note the

Fig. 4. Detail of histi.ocytic sarcoma shown in Figure 5. Note the many
cytoplasnic granules, H & E, x260.

Fj.g. 5. Electron mj.crograph of histiocytic sarcoma. Note the abundant
presence of lysosomal structures in these three neoplastic cells. There is
some interstitial coIIagen. x5760.
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nosis atlpical hlperplasia was never attached to a lesion with a distinct
inflammatory component. The severity of reactive hyperplasia varied considera-

bly. Assessment of the severity of the lesions was not incorporated into the

data shown in Tables VI, Ix, and xII; only their incj.dence is indicated.

Focal squamous metaplasia was occasionally observed. It was never as-

sociated with atypical- or reactive hyperplasia (Tables Vr, Ix, and xII). There

was no apparent relation between the occurrence of this change and the various

treatments.

Fig. B. Microscopic size adenocar-
cinoma of the coagulating gIand.
Note that the tumor only involves
tE-coagulating gland (C), and not
the seminal vesicle (S) or ampullary
gland (A). H & E, x50.

Fig. 6.
ventral r

Fig. 7.
that the

Eig. 9. Example of subacute prosta-
titis and reactive hyperplasia in
the dorsolateral prostate. H & E,
x95.

(a) Clrstadenoma of the ventral prostate. H & E, x50. (b) Detail of
prostate cystadenoma shown in Figure 6a. H & E, x95.

(a) Microscopic size adenocarcinona of the seminal vesicle. Note
tumor is comp:-etety surrounded by normal seminal vesicle structures.

H a E, x50. (b) Detail of adenocarcinoma of the seminal vesicle shown in
Figure 7a. H & E, x95.
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TABLE IX - Experiment B: Incidence and types of hyperplastic lesions of the
accessory sex glands in rats given a single intravenous injection
of DMBA, following pretreatment with CA alone for 18 days, or with
CA followed by TP for 3 days, or by a 7 day recovery

Number (1)a of rats with lesions in:

Dorsolateral prostate Ventral prostate

Age at
start

of expt
(weeks )

Atvp-
ica 1

hyper-
plas ia

React ive
hyper-
plasia

Atyp-
ica l

hype r-
plasia

React ive
hyper-
plasiab ,bGroup Treatment N

B-1

B-2

B-3

B-4

B-5

B-6

l6
19

20

t9

l9
18

12(7 5)

1r(58)

8(40)

5(26)

l0(s3)
10(s6)

l8
16

20

t9

19

19

CA+TP+DMBA

CA+TP+DMBA

CA+RC+DMBA

CA+RC+DMBA

CA+DMBA

CA+DMBA

4

a

4

a

4

I

l(6)

3(r6)

4(22)

2(r3)

2(r0)
3(16) 3(r6)

3(16)

1(s)

a

b --- = No lesions observed.
N = number of rats from which tissue was evaluatedl only tissues without
signs of autolysis are included.

VentraL Prostate Atypical hyperplasia of the ventral prostate was observed

in low incidence (0-l-62) in all experi-ments. There was no association between

the occurrence of this lesion and any of the treatments (Tables Vr, rX, and

xlr). rhis type of lesion is described in detail elsevrhere [34]. It was

characterized by microglandular or cribriform proliferation of sIj.ghtly to

moderately atlrpical alveolar epithelial cel1s, and usually restricteded to one

a1veolus. There was often also normaf epitheliurn present in the same aI-
veolus, which gradually merged with the hyperplastic area, Sometimes there

was papillary in-growth into the alveolar space. These l-esions did not disturb

normal alveolar architecture. The cells were Larger and more cuboidal than

normal cells and shovred an increased cytoplasmic to nuclear ratio. Ihere was
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TABLE IX - Continued

Number (Z)a of rats with lesions in:

Seminal vesicles
Coagulat ing

glands
Ampul lary

glands

b
N

Atyp-
ica I

hyper-
plasia

React ive
hyper-
plasia

Hyper-
trophy/
hyper-
plas ia N

b

Re act ive
hyper-
plas ia

Hyper
trophy/
hyper-
plas ia Nb

React ive
hype r-
plasia

l7
11

19

19

18

l8

2(t2) t4(82)
t4(82)
l7(8e)
ll(s8)
8(44)

6(33)

l6
l6
t9

l9
l8
l8

r(6) 16

18

20

19

19

20

3(1e)

s(28)

4(20)
I (42)

2(11)

2(10)

1(s ) r(s)
1(s )

1(6)

slight to moderate variation in cel]u1ar and nucrear shape and size, and

normal cellular polarity was 1ost. The morphology of this type of lesion was

very similar to that described by others for spontaneous and chemically in-
duced atypi.cal hlperplasia of the rat ventral prostate llt-1_3,22,24).

Reactive hyperplasia occurred in lower frequency than in the dorsolateral
prostate (0-37%; Tables vr, rx, and xrr). rts incidence was higher in Experi-
ment A (mean: 26%) than in Experiment B (mean: L2%) and Experiment C (mean:

3z). The severity of this lesion varied considerably. There was no apparent
relation between incidence of this lesion and the various treatments.
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Seminal Vesicfes. By far, the most common proliferative lesion in these
glands was a focal change, best characterized as a combination of focal hyper-
plasia and ce1Iu1ar hypertrophy. Increase of cel-I size was generally rmrch

more pronounced than the apparent increase in the number of cells (Figure 10).
There was no distinct cellu1ar atypia and the Lesj.on was usually well dernar-

cated (Figure 11-), while it occasionally seemed to compress surrounding normal

epithelium. The lesion was highly varj.able in size and seemed capable of
secretory activity. Focal dysplastic areas were occasionally present within
these lesions ( see below) . There was no structuraL association between the
areas of hlpertrophy-hyperplasia or dysplasia and the two seminal vesicle
adenocarcinomas observed in group 6 of Experiment C. The incidence of hyper-
trophy-hyperplasia was variabl-e (range: L9-932; mean: 5B?; Tables VI, Ix, and

XII), The lesion occurred less frequently in Experiment C than in experiments
A and B. Its incidence was distinctly lower than average in group 6 in all
experiments (mean: 24?). In the other groups, there seemed not to be any

association with treatment.

Occasionally, reactive hyperplasia was encountered (Tables VI, IX, and

xII), usually in assocj.ation with severe inflammation in the other accessory
sex glands. Only in group 2 of Experiment A, the incidence was substantial
(25%\. Reactive hyperplasia in the seminal vesicfes was morphologically
Simi.lar to that of the ventral and dorso1ateral prostate.

In a totaf of three animals in Experiment A (group 3) and Experiment B

(group 4) a focal lesion was seen that was classified as atypi,cal hlperplasia.

Fig. 10. A large hypertrophic-hyperplastic l-esion in the seminal vesicle
H & E, x50.

Fig. 11. Detail of a small hypertrophic-hyperplastic lesion in the seminal
vesicle. Note the abrupt change from normal epithelium (top) and hlpertro-
phic-hyperplastic epithelium and the distinctly larger size of the iells in
the lesion compared to those in the normal epithelium. H & E, x95.

Fig. 12. Dysplasia of the seminal vesicle epithelium (t = lumen). H & E,
x95.

fig. 13. Reactive hyperplasia of the ampullary gIand. Note the normal-
epithelium in the upper left-hand corner, and the presence of sperm in the
lumen of the hyperplastic A1and. H & E, x70.
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TABLE XII - Experiment C: Incidence and types of hyperplastic and metaplastic
lesions of the accessory sex glands in rats given a single subcu-
taneous injection of DMABP, following pretreatment with CA alone
for 18 days, or with CA followed by TP for 3 days, or by a 7 day
recovery

Number (%)a of rats with lesions in:

Vent ra 1

Dorsolateral prostate prostate

Age at
start

of expt
(weeks )

Atvp-
ical

hype r-
p1 as ia

React ive
hype r-
plas ia

Squamous
meta-

Nb NbGroup Treatment 1as ia

1(4)

I (4)

1(s)c-l
c-z
c-3

c-5

c-6

19

l7
23

2L

14

24

6(32)

r3(76)

r2(s2)
6(2e)

r7(71)

13 (s4)

20

,o

l4

24

25

25

CA+TP+DMABP

CA+TP+DMABP

CA+RC+DMABP

CA+RC+DMABP

CA+DMABP

CA+DMABP

4

8

4

o

4

2(11)

1(4)

1 (4)

I (4)

I (4)

a

b --- = No lesions observed.
N = number of rats from which tissue was evaluated; only tissues without
signs of autoLysis are included.

These dysplastic lesions consisted of foca] hyperplastic areas with ceflular
atlpia and loss of cellu1ar polarity (Figure 12). The lesion occurred both

inside and outside areas of hypertrophyr&yperplasia.

Coagulating Glands. Reactive hlperplasia was observed in a few rats in each

of the three experiments (tables VI, IX, and XII). One animal- j.n group A-3

showed a focal- hypertrophy/hyperplasia that was very similar to that found in
the seminal vesicles.

4mgillary G1a4ds. Foca1 reactive hyperplasia (Figure 13) occurred in variable
frequency (range 0-44e"; mean: 24%). There was no apparent relationship be-

tween incidence and treatment in the various groups and experiments (Tables

VI, rx, and xrr). The lesion was almost invariably associated with the pre-
sence of sperm in the ampullary gland alveoli involved, which rray have been

the cause of the reaction.

- 1,62 -
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TABLE XII - Continued

Number (%)a of rats with lesions in

Vent ra1
pros t at e Seminal vesicles

Coagulat ing
glands

Ampul 1 a ry
glands

React ive
hype r-
plas ia

React ive
hype r-
plas ia

Hype r-
trophy /
hyper-
plasia

React ive
hyper-
p Ias ia

Atyp-
ical

hyper-
plas ia

React ive
hyper-
plasiaNb Nb Nb

1(s)

2(10)

1(4)

18

t9

23

L)

23

L+

I (4)

7(3e)

10(s3 )

r3(s7)
1s(6s)

e(3e)

s(21)

t8

l9
z5

23

LJ

24

l5

l9
1+

23

23

24

2(r3)
3(16)

e(38)

1(4)

l0(43)
s(21)

I (4)

2(e) t(4)

TUmors in Other Organs Than the Accessory Sex Glands

In all three experiments a wide spectrum of tumor types and sites hras found
(Tables vrr, x, and xrrr). MNU and DMBA appeared to be more potent than DMABP

at the doses used. rlrnrors of the ear duct and/or zlmbal,s gland were the most

common tumors in experimentA (MNU), while both ear ductflzmbal,s gland tumors
and subcutaneous tlrmors occurred very freguently in Experiment B (DMBA).

Generalized llzmphomas were common in all three experiments, and they were the
most frequently occurring rnalignancy in Experiment c (DMABP). rn Experiment
A, thyroid and pituj.tary tumors L,ere far more freguently seen than in the
other tvrc experiments. rn Experiment c, no stomach tumors occurred, unrike in
Experiments A and B. The spectrum of tumors that was induced by lo[u is com-

parable to that reported by others folloring a single i.v. administration of a

similar dose [39,40], but no dental tumors [39] and ve;y few neurogenic sar-
comas [3L,39] were observed. rt is possible that some of the 5 tumors clas-
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sified as undifferentiated soft tissue sarcomas in Experiment A were, in fact,
nervous tissue sarcomas. The variety of tumors induced by DMBA was wider than
found by others [41] for a similar single i.v. dose but similar to the tumor

spectrum after a single intragastric dose [42]. These differences may be due

to factors related to strain and age at carcinogen administration. There are
no reports of carcinogenesis by a single dose of DMABp; in comparison, repea-
ted treatment with lower doses results in many intestinal and salivary gland
tumors and a few urinary bladder tumors, but no soft tissue sarcomas [43].

Nephroblastomas and mesenchymal tumors of the kidney as described by Hard

[44] and Cardesa and Ribalta [45] were al-most exclusively seen in Experiment
A. Only one other such tumor, a nephroblastoma, was seen in Experiment B

(group 5) with DMBA concordant with the observation of nephroblastomas in
femal-e rats after intragastric administratj,on of DMBA (42), These kidney
tumors occurred only in animals that were 4 weeks oId at the start of the
experiment, and thus 7-B weeks o1d at carcinogen administration. They were

not found in rats receiving carcinogen at an age of It-1,2 weeks. Such an age

dependency of nephroblastoma induction has also been observed for dimethyl-
nitrosamine [46].

There were no other cl-ear patterns in tumor frequencies in relation to the
various pretreatments. However, in a few groups, the incidence of a specific
tumor or group of tumors was relatively high or low in comparison with the
average incidence: in group A-2, generalized lymphoma incj-dence was 2OZ,

versus an average of 6? in Experiment A. Lymphoma incidence in groups B-3 and

B-5 was 20 and 0%, respectively, versus an average incidence of 9% in Experi-
ment B. zymbal's gland/ear duct tumor incidence was high in group B-3 (752

versus 49ll mean in Experiment B), and in group C-3 (1,62 versus 4Z mean in
Experiment C), but 1ow in groups B-L and B-2 (252 and 30% in situ versus 49%

mean in Experiment B). Subcutaneous sarcomas were very frequent in group B-1
(50? versus 23% mean in Experiment B).

The dorsolateral prostate appeared to be one of the preferential early
sites for metastatic spread of generalized lynrphomas. In early stages, tumor

cel1 infiltrates were seen in the periurethral m:sc1es, and in more advanced

cases general spread throughout the dorsolateral prostate was common. No

other metastases were observed in the accessory sex glands.
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DISCUSSION

The main observation in this study is the 30? incidence of carcinomas of the

dorsolateral prostate in a group of rats that received a single injection with

the direct-acting nitrosamide MNU. At the start of the experiment, B weeks-

o1d rats were treated for 18 days with an antiandrogen to achieve chemical

castration. This pretreatment was folfowed by stimulation of ceII prolifera-
tion by administration of testosterone for 3 days. Adenocarcinomas were found

in 25? of these rats, while 5% had adenocarcinomas in situ. These lesions were

for.rnd some 63 weeks after MNU injection, i.e., when the rats were about 75

weeks o1d. This i,s a highly significant finding, because the strain of rats
used in this study has a known very 1ow incidence of spontaneous prostate

cancer, i.e., 0.038 in rats of over 2 years of age [47].

The results of Experiment B, and particularly those of Experiment A point
to a decisive rol-e of cell proliferation during the initiation phase of pros-

tatic carcinogenesis in the rat. rnvasive adenocarcinomas, carcinomas in
situ, and atypical hyperplasias of the dorsol-ateral prostate were only for:nd

in groups that received TP or recovery following CA, and not in groups treated

with only CA, without TP treatment or recovery. CeIl proliferation in the

prostate can only effectively be enhanced by androgen treatment in castrated

animals and not in intact ones [21,28), Thus, the chemical castration caused

by treatment with CA preceding the TP iniections is an essential step in
enhancing cell proliferation in the prostate in the approach that was applied

in this study. a 7 day recovery after CA treatment is probably also accom-

panied by enhanced ceIl proliferation in the prostate. There nay well be

differences between the various accessory sex gland structures j,n the timing

of their ce1l proliferation response to seguential treatment with CA and TP.

rhis might explain why neoplastic and preneoplastic lesions were only found in
the dorsol"ateral prostate in the experiments with MNU and p1'6;1, and not in the

ventral prostate, seninal vesicle or coagnrlating gland,

The carcinogen DMABP (Experiment C) gave different resuLts. Prostatic
carcinonas and atypical hlperplasias were not found in groups 1 and 2, as was

the case in Experiments A and B, but only in groups 3 and 4, and groups 5 and

5. In the latter two groups, cell proliferation was strictly inhibited by CA

at the time of carcinogen administration. Furthermore, neoplastic epithelial
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l-esions were found in the seminal vesicles and coagulating glands, unlike in
experiments A and B. An explanation for these observations is perhaps that
DMABP is slow1y metaborized to its putative active form [33]. Therefore,
activated DI4ABP may have "missed" the transient phase of maximally stimulated
cell- proliferation in the dorsolateral prostate in groups 1 and 2 and "hit"
maximal- ce1l proliferation in other accessory sex glands instead, rn groups 5

and 6 enhancement of cetl turn-over in the dorsoLateral prostate perhaps
occurred later than in groups 1-4, coinciding wLth the formation of activated
DMABP.

To our knowredge, this is the first report of a substantial incidence of
invasively growing adenocarcinomas of the prostate induced in experimental
animals by a single carcinogen administration without further treatment.
Recentl-y, pollard and Luckert [48] reported that a single MNU injection in
situ without concomi.tant stim:lation of prostatic cell- turn-over greatly
enhanced testosterone-induced carcinoma formation in the dorsolateral prostate
of the Lobund-wistar rat. The mechanism of this reported effect of MNU is
puzzling. It is also not cl-ear whether the Lobund-Wistar rat is genetically
hypersuscepti.ble to the induction of prostatic cancer by androgens and a

combination of UNU and androgens, as pollard and Luckert [48] claj.m. pour and
step[B [49] similarly produced prostatic adenocarcinomas by N-nitrosobis(2-
oxopropyl)amine administered during androgen-enhanced ceIl proliferation in
the prostate, but only when carcinogen injection was followed by long-term
testosterone treatment. The i.ncidence was 15-21?, which is somewhat rower
than we found ( 30% ) . Although they reported most adenocarcinomas to occur in
the dorsolateral prostate, some were found in the ventral lobes, where squa-
mous ce1I carcinomas also were found in a 19-292 incidence.

rn Experiments A and B, atypical hyperplasias and carcinomas in situ were
only observed in the dorsolateral prostate, and they only occurred in those
groups in which invasive carcinomas were found. rhis suggests that (i) the
dorsolateral prostate is the most 1ikeIy site of origin of the tumors found in
the dorsolateral prostate region, and (ii) the atypical hyperplasias and
carcinomas in situ are precursor l-esions of the adenocarcinomas. rt is un-
likeIy that any tumors have arisen from the seminal vesicl-es, coagnrlating
glands, or ampullary glands in experiments A and B. The seminal vesicles and
coagulating glands were involved in each of the tlxnor processes. However,
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none of the carcinomas was exclusively located in these structures in Experi-

ments A and B, and only the base of these glands were associated with the

tumors, while their apical parts were grossly and histologically free of tumor

in all cases. In addition, there were no obvious preneopfastic lesions these

glands. Similarly, in the ampullary glands were invaded by the carcinomas in

a1l- cases, but preneoplastic lesions were never seen in these structures' The

ventraf prostate was clearly not the site of origin of the carcinonEs' because

it was neither macroscopically nor microscopically involved in any of the

tumor processes, and further, no putative precursor lesions associated with

the treatment were found in this lobe. The atypical hyperplasias in the

ventral- prostate apparently occurred in all groups in a random fashion, which

seems to indicate that these lesions were not caused by the treatment. This

view is supported by reports that these lesions are commonly found in rats

over one year of age in a range of strains, including the wistar strain that

was used in the present study [11,12,34]. The papitlary cystadenoma of the

ventral prostate that was found in group A-1 may have resulted from the treat-
ment. This lesion has, to our knowledge, not been described before. The

reactive hyperplasias in the various accessory sex glands and the focal hyper-

trophic-hyperplastic lesions in the seminal vesicl-es are most likely not

related to the development of the prostatic tumors, since the incidence of

these changes was comparable in all experimental groups'

An important conclusion of this study is that a variety of chemical car-

cinogens can, in combination with appropriate stirmrlation of ceII prolifera-
tion, produce prostatic cancer in rats, though with varying effectiveness'

The direct-acting carcinogen MNU was most effective, while the carcinogens

DMBA and DMABP, both reguiring metabolic activation, induced a lower tunor

incidence. Interestingly, the occurrence of sarcomas in the dorsolateral

prostate region was apparently not retated to the presence of a high level of

ce}1 proliferation in the prostate. Rather, it was associated with the type

of carcinogen. DMBA which induced many sarcomas at other sites, was also the

most effective carcinogen in causing dorsolateral prostate sarcomas.

Carcinomas of the dorsolateral prostate region were induced in this study

using the CA + TP + MNU protocol both in rats with a juvenile prostate and,

more effectively, in animals that were yoi:ng adult at the start of the experi-

ment. This indicates that fu1l development of the prostate gland prior to
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carcinogen exposure is not an absolute prerequisite for the CA + Tp + IitNU

protocol to be carcinogenic to the dorsolateral prostate, but that it renders
the gland more susceptible to the treatment.

The present study indicates that enhancement of cel1 proliferation coin-
ciding with the administration of a carcinogen, particularly MNU, results in
the development of adenocarcinomas that are most 1ike1y to originate from the
dorsol,ateral prostate lobes. The here presented approach offers a promising
animal- model- for human prostatic carcinogenesis. However, this model_ m.rst
comprise a number of essential characteri.stics, which are detailed elsewhere
in a companion paper [35]. rn this regard, it is j.mportant that the presence
of other tumors did not interfere with the anj,mals, risk of developing pros-
tate tumors, since they did not cause early death, as indicated by a com-
parable survival- of rats with and without prostatic carcinomas.

Four important features make the model stand out favorably in comparison
with other induction model-s: (a) the tumors are adenocarcinomas, and not
squanous cel-I carci.nonas as in the model described by pour 1231, (b) the
tumors are invasive are capable of metastasizing, unlike the Lesions reported
by Katayama et a]. [22] and shirai et al. 1241, c) no long-term hormonal
treatment is required: after initial endocrine manipulation to stimul-ate ce1l
proliferation, the animaLs remain untreated, unlike in models that invorve
long-term, high dose androgen treatment 15,16,48,491, and (d) the tumors do
not originate form the ventral prostate as they do in some of the other chemi-
caI induction models mentioned 122-24), but from the dorsol-ateral 1obes. This
structure is embryologically homologous to the parts of the prostate in which
carcinomas develop in man [8,14,15]. rn addition, the fact that only a single
carcinogen injection is needed in the present model- and not repeated car-
cinogen administration or long-term hormonal treatment 15,!6,22-24,49,491,
provides excellent opportunities for studying the promotion stage of prostatic
carcinogenesis and its modification by environmental- factors.
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CHAPTER III

CIIARACTERIZATION OF ADENOCARCINOI,IAS OF THE DORSOLATERAL PROSTATE

INDUCED IN WISTAR RATS BY N_}IETHYL-N-NITROSOUREA,

7,].2-DII.IETHYTBENZIA]ANTHRACENE, AND 3,2'_DIII{ETHYL-4_AI{INOBIPHENYL
FOLLOWTNG SEQUENTIAL TREATI'IENT WTTH

CYPROTERONE ACETATE AND TESTOSTERONE PROPIONATE

Maarten C. Bosland, Menk K. Prinsen, Theo J,M. Dirksen and Ben J. Spit

ABSIBACT - Carcinomas of the rat prostate induced by a single injection of N-
meffiI-N-nitrosourea, 7,12-dimethylbenz Ia ]anthracen6, and 3,2;-dimethyl-Z-
aminobiphenyl, after seguential treatment with testosterone propionate and
c]rproterone acetate, were evaluated as potential animal model for prostatic
cancer. .i[1 ten carcinomas examined were located in the dorsolateral prostate
region, not involving the ventra1 prostate and the distal parts of seminal_
vesicl-es and coagulating glands. rhe incidence of urinary obstructj.on leading
to the animals' death was 6/L0 raLs, and metastases in the 1*g, aMominal
lymph nodes and,/or liver occurred aLso in 6/10 rats. The tumors were invasive
adenocarcj.nomas, specifically showing freguent perineural invasion, and a
variable degree oE differentiation. Theie were uLtrastructural similarities
with human prostatic carcinomas, such as intracellular lumina. plasna acid
phosphatase vras increased. Enzyme histochemical analysis revealed similari-
ties with the Dr:nning R-3327H and -HI prostatic carcinomas, but was not help-
fu1 in determining the histogenesis of the tumors, The gross and microscopic
appearance of the tumors, and the observation of preneoplastic lesions ex-
clusively l-ocated in the dorsolateral prostate suggest this lobe as site of
origin of the carcinomas. Preneoplastic lesions (n = 9) included atypical
hlperplasias (n = 5), and lesions with all histologic characteristics of
carcinoma except for local invasion and metastases, which were classified as
carcinoma in situ (n = 4). Although androgen sensitivity could not be as-
sessed, the;bserved characteristics of the tumors, their long latency time
(46-80 weeks), the presence of preneoplastic l-esions, and the short duration
of the treatment, leaving the animals intact, all indicate that the presented
approach is a valid animal model for the study of prostatic carcinogenesis.
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1I'XTRODUCTION

Animal model systems of carcinogenesis can greatly contribute lo our under-

standing of human carcinogenesis. Using such models, carcinogenic agents can

be identified, factors that modify the carcinogenic process can be studied

under controlled conditions, and the mechanism of action of these agents and

modifying factors can be addressed. rt is of utmost importance that such

models of carcinogenesis be well characterized and resemble their human coun-

terparts in such key features as morphology and histogenesis, latency time and

growth rate, and biological behavior. rn a companion paper [1], we have

described the chemicaf induction of carcinomas and preneoplastic lesions in
the rat prostate, using an approach that may provide a useful animal model to

study prostatic carcinogenesis. The purpose of the work described here was to

determine morphologic and biological characteristics of these carcinornas and

preneoplastic l-esions.

Desired properties of animal- models for the study of biology and therapy

of prostatic cancer have been discussed by Coffey and lsaacs [2]. The re-
quirements of a model- for the study of the genesis of prostatic cancer, how-

ever, have not been well defined in the literature. Based on the generalized

properties of human prostatic cancer swunarized by others [2,3,4,51 and on

what is known about the etiology and pathogenesis of thi.s neoplastic disease

[6,7] we have derived reguirements for a rodent model for prostatic carcino-
genesis, which are listed in Table I. The adenocarcinomas shoul-d originate
exclusively from the dorsolateral prostate* , because that of the rodent

prostate is most likely homologous to the region part of the prostate from

which prostatic cancer originates in man [9,10,11,721, as pointed out efse-

where [1,6]. The great majority of human carcinoilEs is androgen sensitive and

responds to hormonaf therapy, and this feature should also be a hallmark of an

appropriate animal mode1. Biochemical characteristics of the carcinomas

should be comparable to those of the hr.man tumor, €.9., the presence of andro-

gen metabolizing enzymes and androgen receptors. The slow growth rate and the

pattern of metastatic spread to lynrph nodes, 1ung, liver and bone, characte-

ristic of human prostatic cancer, should be features of such a nodel. T\ilo

typical characteristics of advanced human prostatic cancer, i.e., elevation

" Nomenclature of the male accessory sex glands is according to Jesik
et a1. [B]
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TABLE I. Sumnary of desired properties of a rodent model- for prostatic
carcinogenesis

1. Adenocarcinoma

2. Proven origin of dorsolateral prostate
3. Slow growth rate: long latent period
4. Similarity of biochemical and histochemical profile to that of

normal rat dorsolateral prostate and human prostatic carcinoma
5. Capability of elevating serum acid phosphatase

6. Hormone sensitivity: capability of responding to castration and

estrogen therapy, followed by relapse to hormone-insensitive state
7. capability of metastasizing to lymphnodes, viscera and preferably bone
8. Capability of causing urinary obstruction
9. Great diversity in tumor characteristi.cs, particularly degree of

histologic differentiation and hormone response

10. Induction possible in intact anirnals

11. rdentifiabre precursor lesions, particularly lesions comparable to
latent prostatic cancer in man

12. rnduction possible with a single or short-term exposure to a carcino-
genic agent, thus allowing the study of promotion and progression

of serum acid phosphatase and urinary obstruction, should also occur. There
is a great diversity in several of these properties of hurnan prostatic cancer,
particularly in degree of histologic differentiation, pattern of progression
and, to a lesser degree, hormone sensitivity. An appropriate animal model
should minic this diversj-ty. Because of the central importance of androgen
sensitivity for many of the human prostatic carcj.nomas, it j.s essential for a

prostatic cancer model that the tumors can be induced in intact animals, i.e.,
animals that are not castrated or otherwise hormonally manipulated. Environ-
mental- factors affecting the progression from early non-invasive, so-carled
latent carcinoma to invasively growing adenocarcinomas are probably critical
determinants of human prostatic cancer risk [6]. ft is, therefore, highly
desirable that early stages of prostatic carcinogenesis be identifiable in an
animal model, and that induction is possible with a single or short-term
exposure to a carcinogenic treatment, so that aspects of promotion and pro-
gression can be studied.
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The dorsolateral prostate adenocarcinomas and preneoplastic lesions that are
discussed here were obtained from the induction experiments described in a

companion paper [1], as is summarj-zed in Table II. In these experiments, the

"urli1og".,i 
- N-methyl-N-nitrosourea (MNU), 7,J-2-dimethylbenzlalanthracene

(Oma) ind 3,2,-dim;thtl-4-aminobiphenyl (DI{ABP) were administered during
stimulation of prostatic ce1l protiieration by sequential treatment with
clrproterone acetate and testosterone propionate- Necropsy procedures, fixa-
tiln, tissue trimming, and histological and ultrastructural methods used are
outtined in the companion paper [1].

Plasma Acid Phosphatase

Blood was collected in heparinized tubes by cannulating the abdominal aorta
while the animals were unaer ether anestheiia. Plasma was obtained by centri-
fugation (2000 x g), using sure sep (organon Technika, Charlotte, NC), and

.i6rua at -2OoC' until issayed. 
-Plasma acid phosphatase activity was deter-

mined according to Seiler et it. tZ3l, using ct-naphthyl -phosphate 
as sub-

strate. The tartrate-inhibitable fraction was calculated by subtractinq the
enzyme activity obtained in the presence of 0,0135 M L(+)*tartrate from the
total activity.

IVIATERIALS AND METHODS

Source of Tissue and Histological Procedures

Enzyme Histochemi stry

Dunning R-3327H and R-3327HI Prostatic Carcinomas

From a number of do(solateral prostatic tumors a representative, small piece
(approximately 0.5 c*') ,us samptea for enz,me 

^histochemistry., 
frozen in

islpentane ov-er liguid nitrogen, and stored at -BO"C. Pieces of the D1rnning R-

332iH and R-3327HI tumors and of normal accessory sex glands of untreated
young adult male cpb:wu rats were sampled in the same manner for comparative
itrai".. Ten pm-thilk cryostat sections were prepared and histochemical
reactions for the following enzymes were carried out, using appropriate posi-
tive control tissues and infribit-ors [13]: y-g]utamyl transpeptidase according
to Rutenberg et aI. []-41; isopropyl alcohol dehydrogenase using the procedure

of Hardonk ti5l; acid phosphatlse-by the lead nitrate method of Gomori with g-

glycerophosphate as subsirate t 13 1 ; glucose-6-phosphatase as described by

wuth.t"in and tteisel [16]; succinic dehydrogenase by the procedure of Nachlas
et a]. t17l; alkaline phosphatase using Burstone's method with naphthol AS-BI

as substiat; t 18 I ; leucine 
-a:ninopeptidaie according to Nachlas et a1. [ 19 ] ,

and 'S-nucleotidase by the methob of wachstein and Meisel t201. This panel of
enzyme histochemical issays was selected to aid in determining the site-.of
origin of the carcinomis, because these provide !h9 greatest possible dis-
criiination in histochemical Isee 2]-l and biochemical Isee 22] characteristics
among the rat ventral, laterai, and dorsal prostate 1obes. Staining intensity
was ;cored blindly as absent, minimal, slight, moderate. -or marked, and the
distribution of the staining was recorded as focal or diffuse'

The tunning R-3327H (androgen sensitive) and R-3327HI (androgen insensitive)
prostatic adenocarcinomas Isee reference 22] were used as comparison_ for thq
Lhemically induced prostatic carcinomas. These tumors were generously donated
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by Dr. N.H. Altman (Papanicolaou Cancer Research Institute, Miami, EL) toge-
ther wi.th breeding pairs of the Copenhagen (COp) and Fischer (F344) rats
strains. The tumors were maintained in young adult male COp (male) x F344
(female) Fl hybrids; the R-3327H tumor in intact animals and the R-3327HI
tumor i1 cattrates. The tumors were transpLanted before they reachedra volume
of 4 cm-, by subcutaneously implanting pieces of approximately 0.5 nun' on both
flanks of each animal using a trocar method (16-18G needle; 1 ml L-15 medium).
Histological appearance and hormone sensitivity were routinely examined to
monitor tumor stability, and appeared comparable to what has been reported by
others 12L,221, Material from the R-3327HI tumor for enzyme histochemistry
and for plasma acid phosphatase determination were taken froi intact animali
bearing tumor transplants.

Statistical Methods

The plasma acid phosphatase data were statistically evaluated using Student,s
t-test and linear regression analysis. The correlations between tumor size
and acid phosphatase activity and between tumor size and latency were deter-
mined by calculating the Spearman rank correlation coefficient. A one-sided p
value of 0.05 or smaller was considered significant.

Table rr - rypes of dorsolateral prostate epi.thelial proliferative lesions,
and histologic and clinical characteristics of adenocarcinomas

of the dorsolateral prostate, by inducing agenta

MNU DMBA DMABP Total

Atypical hlperplasia

Carcinoma in situ

Adenocarcinoma, total

5

4

3

1

2

0
2

1
1

0

1

0
1

0

1

0

1

1

0

1

1

0

0

0

0

0

0

1

2

2

1 10

bSize: microscopic 1
grossly apparent 6

Degree of differentiation:
well differentiated 1
moderately dj.fferentiated 3
poorly differenti.ated 3

Incidence of metastases :

total 5
lung 4

lung I abdominal- cavity 0
1ung, liver a aMominal cavity 1

Urinary obstruction

1 (10)
e (90)

3 (30)
4 (40)
3 (30)

6 (60)
4 (40)
1 (10)
1 (10)

4 6 (60)

I s"" .o*panion paper [1]." Percentage of total is given in parentheses.
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RESULTS

Characteristics of ten carcinomas and nine preneoplastic epithelial lesions of

the dorsolateral prostate are described in this report (Table II). These

lesions had been induced by the chemical carcinogens MNU, DMBA and DMABP as

described elsewhere [1]. Nine of the ten carcinomas were grossly apparent

(Table II). The latency time (time after carcinogen administration) of these

ten carcinomas was 64 + 4 (s.e.m.) weeks (range 46 - 80 weeks).

Gross ObservaLions

Six of the nine grossly visible tumors (67%) were slmmetrically located in the

region of the dorsolateral prostate, involving not only the dorsolateral

prostate lobes but also the base of both seminal- vesicl-e/coagulating gland

complexes. A representative exarnple is shown in Fi-gure 1. I\nro of these

tumors had caused bilateral urinary obstruction and hydronephrosis, whereas

the four others had caused unilateral obstruction of the urinary flow (Figure

l-). Three tumors (33%) were located on one side of the dorsolateral prostate

involving the base of the seminal vesicles and coagulating g1ands on that

side. These tumors did not cause urinary obstruction, and they were smaller

(mean diameter: 1.61 1 0.17 (s.e.m.) cm; range 1-5 - 2.0 cm) than the sym-

metrically located tumors (mean diameter: 3'40 I 0.51 cm; range 2 - 5 cm)'

There was no statistically significant correlation between tumor size and

tumor latency. Smaller tumors were single rnasses, whereas some larger tumors

had a multinoduLar appearance. The tumors all had a firm consistency and were

colored white-gray and homogeneous of texture on cut surface. Distinct

Fig. 1. T\aor located in the region of the dorsolateral prostate. This tumor
Tfj;diagnosed as adenocarcinoma, grossly involved all of the dorsolateral
prostate ind the base of the seminal vesicle-coaqulating gland complexes (S-),

*nicfr were swolIen. The ventral- prostate (insert; V) was not involved. The

urinary bladder (B) and ureters (U) were distended, because of obstruction of
the urinary fIow, and the kidneys (K) were mi1d1y hydronephrotic.

Frg. 2. Adenocarcinoma located in dorsolateral prostate region. This tumor
ln-votvea Several accessory sex gland structures, such as the dorsal (D) and
lateral prostate and the ampullary glands (A). H & E, x24.

Fig. 3. Microscopic-size adenocarcinoma located in the dorsolateral prostate
;Adon. This poorly differentiated carcinoma invofved the dorsal prostate
(Di, seminal vesicle (S), ampullary gland (A), and prostatic utricle (U). H &

E, x24.
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central necrosis was present in two large tumors, and two others showed a

translucent exsudate on cut surface. The seminal vesicles and coagulating

glands that were j,nvolved in the tumor processes were swo1Ien, suggesting

obstruction of drainage of secretum ( Figure 1 ) . The ventral prostate lobes

were never grossly involved in the tumors (Figure 1).

Histopathology

Carcinomas. A11 ten tumors were adenocarcinomas with a glandular growth

pattern. The carcinomas histologically involved the dorsal and/or lateral
prostate lobes and at least one other accessory sex gland, in al1 cases. Most

tumors involved all of the accessory sex gland structures that are associated

with the dorsolateral lobes: ampullary glands, seminal vesicles and coagulat-

ing glands, includi.ng the excretory ducts of these glands (Figures 2 and 3).

Even the one microscopic size carcinoma involved several of these structures
(F'igure 3), (rnterestingly, a microscopic size carcinoma exclusively located

in the dorsoLateral prostate was observed in an experiment using the salne

approach to induce prostatic cancer as was applied here [1], with MNU as

inducing agent IBos1and, unpublished results]. e11 ten carcinomas grew in-
vasively, and several showed perineural invasion (Figure 4). The architecture

of the dorsolateral- prostate region was often markedly disturbed (Figure 2).

Fig. 4. Invasion of the perineural space of a nerve bundle in the dorsolate-
ra] prostate by a moderately differentiated prostatic adenocarcinoma. H & E,
x120.

Fig. 5. Well differentiated adenocarcinoma exclusively located in the dorsal
and lateral prostate. Note the normal prostatic epithelium at the top, the
haphazardly arranged, small to very small neoplastic glands, some of which
contain secretum, and the increased amount of fibromuscular stroma. H & E,
x100.

Fig. 6. Moderately differentiated carcinoma of the dorsolateral prostate.
Note the nonnal dorsolateral prostate acini in the upper right and left hand
corners, and the abundant stroma containing inflanmatory ceIls. H & E, x100.

Fig. 7. Poorly differentiated adenocarcinoma of the dorsolateral prostate.
fr6rE-Ere only few recognizable glandular structures. Note the normal acinar
epitheliurn at the teft hand, and the many mitotic figmres (arrows). H & Ef
x100.
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There was considerable variation in degree of differentiation both within
a single carcinonn and between carcinomas (tab1e II), ranging from well (r'i-
gure 5) to moderately (Eigure 6) to poorly differentiated (Figure 1). The

carcinomas were graded into these three categories according to the growth

pattern that predominated [5]. Carcinomas with a generally well developed

acinar growth pattern were considered well differentiated, whereas carcinomas

with predominantly poorly developed acini were cfassified as moderately dif-
ferentiated. Carcinomas that consisted largely of strands and clusters of

ce1ls with litt1e evidence of acinar structures were considered poorly dif-
ferentiated. with decreasing degree of differentiati,on there was an increase

in cellufar anaplasia -- loss of cellular polarity, variation in ce1lular and

nuclear size and shape and in cytoplasmic/nuclear ratio (pleomorphism), and

changes in nucl-ear chromatin distribution and in staining properties and

texture of cells and nuclei. General features of all carcinomas listed in
Table II were the presence of abundant fibrous stroma and acini consisting of
a single layer of neoplastic celfs without basal cells (Figures 5 - 7). A

marked, mixed inflammatory ceI1 infiltrate in interstitium and acinar lumina

was often, but not always present (Figures 6 and 7). In a very well differen-
tiated mi,croscbpic-size carcinoma found in the above mentioned experiment

IBosland, unpublished results], the mi1d1y atypical neoplastic epithelium had

somewhat retained its ce1lu1ar polarity and secretory properties. The main

differences with normal dorsolateral prostate were a marked focaf increase in
the number of acini, a much smaller size of the neoplastic acini, which were

disorderly arranged, sometimes back-to-back, and a slightly increased amount

of fibrormrscular stroma (rigure 5). The three well-differentiated carcj.nomas

listed in Table II had acini that were smaIl and varied from round or oval to
tubular shaped, and that displayed a disturbed acinar-stromal relation' The

epithelium had mostly lost its normal cellu1ar polarity and showed little or

rig. 8. Electron rnicrograph of a moderately-poorly differentiated adenocar-
clnonra of the dorsolateral prostate. There are poorly developed lumina (L)
with microvilli and sone secretory vacuole-like vesicles at the luminal side
of the ce11s. Note the many mitochondria with disrupted christae and mebranous
inclusions (arrovrs), and the junctional complex- and desmosome-like structures
at the cel1 junctions. x5760.

Fig. 9, Electron micrograph of a dorsolateral prostate adenocarcinoma ceIl
E-owing tonofilament.s (t), mitochondria with altered christae (m), lipid
droplets (1), lysosorne-like structures (Iy), and cytoplasmic inclusions in the
nucleus. x7600.
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no evidence of Secretory activity. The ce11s and nuclei h'ere Somewhat

pleomorphic. The five moderately differentiated carcinomas predominantly

consisted of smal1, poorly developed acini, rnostly tubular or slit-1ike in

shape, with no evidence of secretory activity (Figure 6). The ceI1s had

conpletely lost normal polarity and showed a moderate degree of pleornorphisn.

They were generally cuboldal and slightly hyperbasophilic with enlarged,

hypochromatic nuclei, as was also observed for most well and all poorly

differentiated carcinomas. In the two poorly differentiated carcinomas,

acinar structures were infreguent, most moderately-markedly anaplastic cells

were arranged in small clusters or strands amidst abundant Stroma, and mitotic

activity was higher than in well or moderately differentiated carcinomas in

which very few mitotic figures occurred (Figure 7). There was no apparent

correlation between degree of differentiation and size or latency time of the

carcinofitas.

Electron microscopy revealed less differences than light microscopy. Even

the one poorly differentiated carcinoma examined showed a tendency to form

lumina, but the microvilli on the luminal side of the cells were l-ess well

developed in rnoderately to poorly differentiated carcinonas than in well

differentiated tumors (Figure B). Desmosomes and junctional complex-Iike

structures were afways found (Figure B), and sometimes there were obvious

tonofilaments (Figure 9). Structures suggestive of secretory vacuol-es

(Figures 8 and l-0) were present in all tumors, even in histologically modera-

fig. l-0. Electron nicrograph of a poorly differentiated dorsolateral prostate
adenocarcinoma. one ceri has intracellular lumina (L)' one of which is filled
with membranous structures. Note the highly irregular shape of the nuclei and

the many secretory vacuole-Iike vesicles: ihere are stromal polymorphonuclear
inflanmritory celli (r), fibroblasts (F), and collagen (c)' x4800'

Fio. 1l-. Carcinoma in si,tu located in the periphery of the dorsal prostate
TDTIllose to the latErEI prostate (L). The lesion seems to involve an area

of itre size of 2-3 acini, and it is surrounded by an increased amount of
fibromrscular stroma. It was found in only one of the steP sections made at
ZSiO pn distance. The growth pattern seems piedominantly microglandular, and

some glands contain secretory material. H & E, x50.

Fiq. 12. Detail of rigure 11. There is distinct celLular atypia in. .this
ffi rt consists mainly of microglands, but there is also some cribiform
growth and piling up of celli. Note th6 many interstitial and intraluminal
inflanunator! ceifs, intraluminal secretum, and the desmoplastic reaction
(arrows).H&8,x180.
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tely to poorly differentiated carcinomas. Sometimes hyperplastic Golgi com-

plexes, lipid droplets and lysosomes were seen (Figure 9)' Normal

polarization of the secretory and Golgi structures toward the apical side of

the cell- was disturbed, Mitochondria were often changed, showing loss of

christae and occasional- membranous inclusions (Figures B and 9)' A basement

membrane was present in well- differentiated carcinomas, but was fess

conspicuous or absent in moderately and poorly differentiated tumors.

Distinct features were marked nuclear abnormalities irregular shape,

infolds of the nucl"ear membrane and cytoplasmlc inclusions, clumping and

condensation of chromatin along the nucfear envelope (Figures B - 10),

regardless of the degree of histological differentiation. The presence of

intracell-ular lurnina with distinct microvj.l-1i was another striking feature of

some carcinomas (Fignrre 10). The absence of basal cefls seen by 1i9ht

nicroscopy was confirmed. The chemically induced carcinomas were

ultrastructurally very similar to the Dunning R3327H and HI carcinomas.

Carcinoma in Situ. Lesions that had al-I characteristics of carcinoma, but

lacked invasive growth were classified as carcinoma in situ. These fesions

were small-, occupying an area of the size of one to three acini. The acinar

l"umen was completely replaced by microgtandufar proliferation of mild1y atypi-

caI ce]Is (Figures 11 - 13), which were indistinguishable from cells observed

in well differentiated carcinomas. The glands were composed of a single layer

of atypical cells without obvious basal cells. There was an often marked

desmoplastic reaction surrounding the lesions, sometimes suggesting early

pig. 13. Large carcinoma in situ found in the dorsolateral prostate. 
- 

The

moi$Eology of this lesion is Eomparable to that of the carcinoma in situ shown

in i.igur6-s 11 and 12. There are secretory material and inflannnatory ceIls in
the iumina of the microglands. This lesion was completely surrounded by a
thick fibrous capsule (C). H & E, xl-20.

Fiq. L4. Atypical hyperplasia in a dorsal prostate acinus consisting of
File-a--up celIs-iisplayinq c6ffular atypia. The lesion is directly adjacent to
normal icinar epithelium. Note the mitotic fLgure (arrow). H & E, x240.

ri.q. 15. Attpical hyperplasia in the lateral prostate. There are disorderly
Fffud=-"p atypical epitf,efiaf ce11s merging with normal epithelium (top). Note

trre mitltic ?iqur" (irrow), the formation of microgland-like structures, and

an increased amount of fibrormrscular stroma. H & E, x240.

fig. 16. Lung metastasis of dorsofateral prostate adenocarcinoma. There are
in€ravascular and interstitial proliferating glandular structures in this
somevrhat autolytic 1un9. H & E, x75.
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invasive growth followed by reencapsulation ( Eigure 12) and i,nfiltrative
growth from one acinus to an adjacent one (Eigure 11,). There were occasional

stromaf septa wi.thin the fesions separating glandular structures, but back-to-

back and cribriform-like arranged microglands were the predominant growth

pattern (Figures 12 and 13). Some inflammatory infiltrate was usually present

(Figures L2 and 13). The four such fesions seen in this study were all ex-

clusively located in the dorsal and lateral prostate lobes, and tended to be

localized in the periphery of the gland (Figure 11).

Atlpical Hlperplasi,a. Lesj.ons consisting of an hyperplasia of atypical

cells that did not completely occupy one acinus were cLassified as atypical

hyperplasia. rn all five cases observed in this study there was a mild in-
crease in fibromuscular stroma surrounding the lesion. Tvo of these lesions

had aII cytological characteristics of carcinoma in situ, particularly the

growth pattern of a single layer of cells forming microglands, and the ap-

parent absence of basal ce11s. TWo other lesions consisted of disorderly
piled up, enlarged, hypochromatic ce11s that had partly lost their nornal

polarity and that had hlpertrophic, pale nuclei (r'igure 14). One lesion had

characteristics of both types (Figure 15). The fesions were all located in

the acini, and not in the ducts of the dorsal or lateral prostate 1obes.

Ivletastases and CIinical Observations

Six of the ten carcinoflEs had metastasized to the lung (Figure 16; Table rr).
One had also disseminated to the liver, and two had al-so metastasized to other

structures in the aMominal cavity, such as mesenteriaf lymph nodes. Regional

pelvic lymph node involvement was frequent; the available material did not

allow to determine a precise incidence, No attempt other than a carefuL

necropsy was made to detect bone metastases; none were grossly apparent. A11

six metastasizing carcinomas were moderately or poorly differentiated; weff

differentiated carcinomas did not metastasize. No correlation was apparent

between metastasizing capacity and location or Size of the tumors. Urinary

obstruction, due to tumor growth blocking the urinary flow through either the

urethra or one or both ureters, was found in six cases (Figure 1; Table II).
This caused unilateral or bilateral hydronephrosis and was the primary cause

of death or morbundity Ln all six animals. OrIy larger, sllrrmetrically located

carcinomas caused urinary obstruction (seen above).
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Plasma Acid Phosphatase

Total and tartrate-inhibitable plasma acid phosphatase activity were signifi-
cantly elevated in the group of nine animals with grossly apparent chemically
induced prostatic carcinomas, as compared with controls (Table III). This

control- group consisted of 1"5 untreated animals of the same strain which were

taken from an experiment carried out in the same period and which were killed
at 75-80 weeks of age. ?here was no statistically significant correlation
between total or tartrate-inhibitable plasma acid phosphatase leve1s and size
of the tumors. For comparison, acid phosphatase activity was determined in
plasma from animals bearing the Dunning R-3327H and R-3327HI carcinomas and

fron approprj.ate controls (COP x F344 hybrids). Total acid phosphatase acti-
vity was sigrnificantly higher in R-3327Hr-bearing animals than in controLs
(Table III). The tartrate-inhibitable fraction was also elevated, but this

Table III - Total and tartrate-inhibitable acid phosphatase activities in
plasma from rats bearing chemically induced prostatic carcinomas

or the Dunning R-3327H and R-3327HI transplantable prostatic
carcinomas, and from control animals

Acid phosphatase activitya

Rats with prostatic
carcinomas N

1\rmor burden
(s) Total Ta rtrate-inhibi table

b L2.9 1 4.5c

8.3 1 0.7

Chemically-induced

Cpb:ffi1 controls

9 n.a

15 n.a

R-3327H tumor

R-3327HI tumor

COPxF334 controls

11.30 1 1.93

14.15 + 3.11

n.a

23.5 1 0.9

3l-.5 I 4.5d

tB.4 1 4.2

15.8 1 t.2

24.8 ! A.Oe

13.7 1 4 .1

7

6

5

a
b

d
e

Values are expressed in units/ltLer as mean + s.e.m
n.a. = not applicable.
P < 0.02 for difference with control va1ue.
P < 0.05 for difference with control va1ue.
P = 0.067 for difference with control value.
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was only borderline significant. In anima1s bearing the R-3327H tumors,

plasma acid phosphatase activity was not different from control values. Only

animals with R-3327 tumors on both flanks were included in this study, and for
each animal the total tumor burden (weight) was determined. The average tumor

burden was somewhat higher in animals with R-3327HI tumors than in R-3327H

tumor-bearing rats (Table III). There was no significant correlation between

total or tartraLe-inhibitable plasma acid phosphatase activity and the tumor

burden for either the R-3327H or the R-3327HI tumor-bearing animals.

Enzyme Histochemistry

Table IV presents the results of the enzyme histochemical evaluation of normaf

rat male accessory sex glands, the R-3327H and HI tumors and some of the

chemically induced prostatic carcinomas. The most useful markers for the

various accessory sex glands appeared to be y-glutamyI transpeptidase (GGT)

and leucine aminopeptidase (tAP). GGT was strongly positive in the seminal

vesicles (F'igure 17a), noderately positj-ve in the ampullary glands (Figure

17b), and negative in all other structures (Figures l-?a and b). LAP was

strongly positive in the l-ateral- prostate (Figure 17c), minimally active in
the dorsal prostate, and negative in all other glands examined (Figure l"7d).

No GGT activity was found in the D-rnning carcinomas. Four of eight chemically

induced carcinomas examined were also negative for GGT (Figure 18e), whereas

two were diffusely minimally-moderately positive (Figure 11f\. The two

remaining carcinomas were partly negative and partly minimally-sIight1y
positive. L,AP activity was for.rnd in the Dunning tumors and all chemically

induced carcinomas examined (Figure 179), but the staining i.ntensity varied
from slight to marked.

Isopropyl alcohol dehydrogenase, which is an indicator of 3ft-hydroxy-

steroid dehydrogenase activity [14], was slightly positive in the lateral
prostate, seninal vesicle, the Dunning tr.mors and the chemically induced

carcinomas. Acid phosphatase (r'igure 17h), alkaline phosphatase, glucose-6-

dehydrogenase, succinic dehydrogenase and 'S-nucleotidase were present in the

chemically induced carcinomas, the D:nning tumors and in all accessory sex

glands examined; however, their activity was variable.
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DISCUSSION

The chemically induced carcinomas that were obtained in the experimenLs de-

scribed in a companion paper [1], appeared to possess a number of important

characteristics that are desirabl"e for an adequate animal model for the study

of prostatic carcinogenesis (see Table I). The tunors were clearly adenocar-

cinomas, as was confirmed by their ultrastructural features. The generally

Iong latent period and 1ow mitotic activity indicate that these carcinomas

were sl-ow growing neoplasms. Plasrna acid phosphatase activity was signifi-
cantly elevated in animal-s with these carcinomas. Six out of l-0 (60%) of these

invasively growing tumors metastasized, and 6 out of 10 (60t) caused letha1

urinary obstruction. There was a great diversity in characteristics such as

tumor growth rate, as indicated by the latency time (46 - 80 weeks), and

degree of histological differentiation. Probable precursor lesions were

found, i.e., carcinomas in situ and atypical hyperplasias, and induction was

possible in intact animafs with a single carcinogen administration. The

material availabl-e for this study was not suitable to determine biochernical

characteristics and hormone sensitivity of the carcinomas. These important

aspects are addressed in ongoing studies. Other animal rnodels of chemical

124,251 and hormonal induction of prostatic cancer 126,211 have not been

characterized in detail.

The carcinomas all had a glandular growth pattern, as has the majority of

the human prostatic carcinomas 15,28,291. Cribriform growth did not occur,

unlike in some human carcinomas [5,28,29), and in carcinomas that occur spon-

taneously in the ventral prostate of aged rats [30], particularly in the

ACIlsegHapBR strain [ 31 ] . The carcinomas were graded according to their
ability to form more or less well differentiated glands, similar to the system

proposed by Mostofi [5,32] for human prostatic carcinomas, rather than using

Fig. 17. Enzlme histochemical analysis. (a) C,GT is positive in ampullary
gGna-(A) and seminal vesicle (S), but negative in dorsal prostate (D) . x12'
ifl Ccr positive in seminal vesicle (S), but negative in coagulating 91and
(C). x16. (c) LAp positive in lateral prostate (L), but negative in ventral
prostate (V). x 15. (d) i,ep negative in dorsal prostate (D) and seminal
vesicle (S). x16. (e) oorsolateral prostate adenocarcinoma negative for CGT.

x100. (f) Dorsolateral prostate adenocarcinoma positive for GGT. x100. (S)

Dorsolateral prostate adenocarcinoma positive for LAP, x100. (h) Dorsolateral
prostate adenocarcinorna positive for acid phosphatase. Note the apical
localization of the activity in the neoplastic Alands' x75.
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more complicated grading systems described by others [28,32,33,34,35]. This

approach for grading appeared to be in agreement with the observed degree of

cell-ular anaplasia. T\^/o features of human prostatic cancer that were also

observed in the chemically induced carcinomas, were the presence of abundant

stroma and local invasion into the perineural spaces 15,29,331. The 1i9ht

microscopic appearance of the carcinomas was generally comparable to that
reported for spontaneously occurring [30,36] and chemically 124,251 or hor-

monally induced carcinomas of the rat dorsolateral prostate 126,21 I and for
transplantable carcinomas of rat dorsolateral prostate origin 122,23,261.

Many ultrastructuraf features of hunan prostatic carcinomas [5,28,33] were

also observed in the chemically induced tunors, i.e., foss of basal ce11s,

loss of cellular polarization in the location and distribution of Golgi struc-
tures and secretory vacuoles, presence of lipid droplets, mitochondria with
profoundly altered christae, and formation of intracellul"ar lumina. These

intracellular Lumina, which are a characteristic finding in moderately to
poorly differentiated human prostatic carcinomas, have not been described

before in the few reports on the ultrastructure of rat prostatic carcinomas

122,37,38). The ultrastructural evidence for the presence of secretory struc-
tures in the carcinoma cells suggests that the tumors originated from secre-

tory alveolar cells and not from the epithelium of the excretory ducts, which

have been reported to have no secretory properties, at least in the rat
ventral prostate [ 39 ] .

Proliferative epitheli.al lesions, displaying cellu1ar atypia and confined

to one or a few a1veoli, were exclusively found in the dorsolateral prostate;

and they occurred only in treatment groups in which carcinomas of the dor-

solateral prostate were observed [1]. Therefore, these lesions are considered

1ikeIy precursors of dorsolateral prostatic carcinomas Isee also ],1. Five of
these lesions were classified as atypj.cal hlperplasias and the other four as

carcinomas in situ. This classification is to some extent arbitrary, as we

examined only nine lesions and have no evidence for their premaligrnant nature.

Yet, the degree of cel1ular atypia, the disorganization of normal glandular

pattern and alveolar archj,tecture, and the loss of normal epithelial-stromal
relation that characterized these lesions, aII support the assumption that
they are preneoplastic; similar criteria have been described to distingtish
premalignant changes in the human prostate [29,33,40,41'). The criteria used
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to distingn:ish between atypical hyperplasia and carcinoma in situ were prima-
rily based on the extent of the lesion, Intraacinar lesions that fulfilled
all reguirements of carcinona, but did not exhibit cfear infiltrative be-
havior, were regarded as carcinoma in situ. Lesions with similar morphologic

characteristics that did not fu11y occupy the lumen of one aIveo1us, and thus
coexisted with normal glandular epj-thelium, were considered less advanced, and

were termed atypi.cal hyperplasia. There is no agreement in the fiterature
about the nomenclature of premalignant lesions in the human prostate [42].
Some authors favor the term carcinonu in situ 129,43), whereas others prefer
advanced,/severe dysplasia 133,40,44) or atypical hyperplasia [5,45] for the
same type of lesion. There is, however, no disagreement over the requirement

of basal ce1ls to be absent for the di.agnosis of malignancy in the human

prostate 15,28,33,40,43,45). The lesions that were classified as carcinoma in
situ Lacked conspicuous basal ce1ls, and therefore this classification seems

justifj,ed. Some of the atypical hyperplasias also seemed to lack basal ceIls,
whereas others probably did have basal cefls. E\:rther studies involving a

larger series of lesions are needed to assess whether the classification used

here is j,ndeed appropriate. Nevertheless, these chemically induced putative
preneoplastic lesions in the rat dorsolateral prostate appear to have mor-

phologic similarity to some of those described in the human prostate gland

15,29,40,43,44,451. It should be noted, however, that the carcinogenic treat-
ments applied []-l did not result in a high incidence of preneoplastic and low-
grade malignant lesions rel-ative to the incidence of clinical prostatic
cancer, as occurs in humans, where the incidence of latent carcinoma is many

times higher than that of the clinical disease 16,9).

I"lost carcinomas had metastasized, primarily to regional 11mph nodes and

1ung. This implies that both hematogenic and lymphogeni.c spread occurred, as

is the case for human prostatic cancer [3,4,5]. Metastases to bone, as is
very frequent in humans, specifically to pelvic and spi.nal bones [4,5], were

not detected, but no specific searches to that end were made other than a
careful autopsy. However, among spontaneous- [36], hormone-induced 126,271
and chemically-induced 124,251 rat dorsolateral prostate carcinomas and

transplantable tumor cel1 lines that were derived from such carcinomas

122,23,26,45), metastatic ability has been reported to be highly variable,
with lymph node and lung metastases as most frequently observed sites of
dissemination, bone metastases never having been described. Therefore, there

-195-



may be differences between man and rat models in the venous and/or arteriaf
blood supply of pelvic and spinal bones, or in other criticaf factors involved

in the process of metastasis that lead to this apparent species difference.

Plasma levels of acid phosphatase, both total activity and the tartrate-
inhibitable fraction, were el-evated in animals with chemically induced pros-

Latic carcinomas as compared with control- values. In comparison, animals

bearing the Dunni.ng R-3327HI carcinomas also had elevated plasma acid phos-

phatase 1eveIs, but animals wi.th the R-3327H tumors did not. Isaacs et aI.
[22], however, mentioned elevated serum acid phosphatase levels in animal-s

with the R-3327H tumor as wel1 as in rats with the R-3327HI tumor (they did
not report the actual data). Lubaroff and co-workers t47l for:nd elevated

serum acid phosphatase in animals with the orj-ginaI R-3321 tumor strJccuta-

neously transplanted, but not in animals with R-3327 tumor ce11s inoculated in
the dorsolateral prostate. Perhaps differences in total tumor burden or in
acid phosphatase assay methodology are responsible for these discrepancies
between studies.

In this sludy, the Lumor load of animals with the R-3327HI tumors was

somewhat higher than that of rats with the R-3327H tumor. It is, however, not

likely that this difference in tumor burden accounted for the difference in
acid phosphatase elevation, as there was no correlation between total tumor

weight per aninnl and plasna acid phosphatase activity. rn individual human

prostatic cancer patients serun acid phosphatase fluctuates considerably t48l.
This may also occur in rats with prostatic carcinomas, and might thus explain
some of the above mentioned inconsistencies. The validity of using L(+)tar-
trate as a specific inhibitor for acid phosphatase in this study is not clear,
because there are contradictory reports on the effect of tartrate on the

activity of the prostate-specific, androgen-dependent isoenzymes of acid

phosphatase in the rat prostate [49,50,51]. A further complication is that
these studies [49,50,51] concerned the ventral prostate and not the dorso-

lateral prostate, and that they all indicated the presence of m:1tip1e isoen-

zlmes; on the other hand, acid phosphatase present in the Dunning R-3327H

carcinoma possesses only one isoenzyme (with unknown tartrate sensitivity)
152). Nevertheless, the elevation of plasma acid phosphatase in rats with
chemically induced carcinomas, most of which were advanced cancers comparable

to stage C and D disease in man, resembles the situation in humans.
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The enzyme histochemical properties of the R-3327H and Hr tumors and in
the chemically induced carcinomas were remarkably similar. Activity of LAP

and, particularly, acid phosphatase was lower in the R3327Hr tumors than in
the R-3327H tumors. This is comparable to the decrease of activity of these

enzymes with increasing degree of anaplasia in human prostatic carcinomas,

although these tumors are usual-Iy completely devoid of aminopeptidase t28l.
The activity of u\P and acid phosphatase was variable in the chemically in-
duced carcinomas. The R-3327 tumors were negative for GGT, whereas some of the

chenically induced carcinomas were partly of completely posj,tive. As C,GT

appeared to be marker for the seminal vesicle and ampullary g1and, this raises

the possibility that some carcinomas originated from one of these structures.
The positive reaction of the carcinomas for LAP, on the other hand, contra-

dicts such a notion, and rather points to the lateral prostate as possible

site of origin. Thus, the enzyme histochemical comparison between the chemi-

cal1y induced carcinomas and the various accessory sex glands does not appear

to be helpful in determining the most }ikely site of origin of these tumors; a

simil-ar conclusion was reached by Smolev et a1. [21] for Lhe R-33279 tumor.

on the other hand, the great similarity in enzyme histochemical properties

between the carcinomas and the R-3321 tumors would support a dorsolateral
origin, as the Dunning tumor is generally considered to have originated from

this lobe 12L,22l.

The results of the histochemical analysis of normaf prostate and the

trunning R-3327H turors are in agreement with those reported by others 121,531,

with the following exceptions. The succinic dehydrogenase activity was gene-

rally lower in our series than those reported in the literature [21,53], and

alkaline phosphatase activity in the dorsal prostate was higher. We did not

find any i,sopropyl alcohol dehydrogenase activity in the dorsal prostate,

whereas Smolev et a1. [21] reported a detectable 1eve1. LAP was hardly detec-

table in the dorsaf prostate, negative in the ventraf prostate, and markedly

positive in the lateral prostate and the R-3327H tumors. Smolev et aI. 1211,

on the other hand, reported slight activity of this enzyme in the dorsal

prostate, moderate activity in the ventral 1obe, and little activity in the R-

3327H tlmor, which is in agreernent with biochernical data from rsaacs et aI.

[22] and Muentzing and co-workers t531. other biochemical data, however,

indicate that the activity of this enzlme is selectively high in the dorsal

prostate and low in the other accessory sex glands [54]. There are no data in
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the literature on the enzyme histochemical properties of the R-3327HI tumor,

seminal vesicles and other accessory sex structures reported here.

In conclusion, the chemically induced rat prostatic carcinomas that are

described here have a large number of important characteristics in common with
hunan prostati,c cancer. ALl criteria listed in Table I as desirable for an

adeguate aninal model for the study of prostatic carcinogenesis were met, with
the notable exception of occurrence of bone metastases, while androgen sen-

sitj.vity and biochemical properties of the induce carcinomas remain to be

investigated. Together with previously described features [1], these charac-

teristics indicate that these chemically induced carcinomas are an appropriate
model for human prostatic cancer, and that the method for induction is thus a

valid experimental approach for the study of human prostatic carcinogenesis.
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CHAPTER IV

EFTECT OF CASTRATION ON INDUCTION OF NEOPLAST{S OF THE PROSTATE

AND SKIN IN WISTAR RATS BY N-T.IETHYL-N-NITROSOUREA

AT'TER SEQUENTIAL TREATI.IENT WITH

CYPROTERONE ACETATE AND TESTOSTERONE PROPIONATE

Maarten C. Bosland and Menk K. Prinsen

ABSTRACT - croups of 20-30 Wistar (Cpb:VfU) rats were seguentially treated with
cyproterone acetate (CA) for 21 days, testosterone propionate (TP) for 3 days,
Followed by a single i.v. injection of N-methyl-N-nitrosourea (MNU) to induce
prostatic cancer. One group was castrated 4 weeks after lo{U injection, and
another group 58 weeks after MNU, at the time of detection of the first
prostatic carcinoma. Control groups received only treatment with CA + TP, CA,
or MNU, or remained untreated, Dorsolateral (pre)neoplasia occurred only in
rats that received combj.ned treatment with CA, TP and MNU. Early orchiectomy
seemed to prevent the development of dorsolateral prostate carcinomas and
preneoplasia, but castration at 58 weeks did not seem to have such an inhj.bit-
ing effect. Although the incidence of the lesions was 1ow, these results
suggest that androgens are required for the development of MNu-induced prosta-
tic cancer in rats, but that advanced carcinomas are androgen-insensitive.
Atypical hyperplasia of the ventral prostate appeared to be induced by CA + TP

treatment as such, but not by MNU. early and late castration inhibited the
development of this lesion. Hypertrophic-hyperplasLic lesions of the semj.nal
vesicle were specifically induced by MNU, irrespective of pretreatment, and
their development was prevented by early castration and inhibited by late
orchiectomy. Skin tumors were found in 5? of rats that received only MNU, but
in almost 40"-" of the animals treated with CA, TP and MNU. Late and, particu-
1ar1y, early castration markedly inhibited this skin trmor response. These
data indicate that hormone-induced cel1 proliferation can play a role in the
initiation stage of skin tumorigenesis, and that endogenous androgens are
critically involved in the later stages of this process in the rat.
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II'TTRODUCTION

Since the early ground-breaking work of Huggins and associates [1,2] on the

hormonal therapy of prostatic cancer, it has been known that 70 - B0% of all
prostatic cancer patients benefit from some form of endocrine therapy [31.
Relapse, however, occurs in virtually all patients that initially respond

13,41, due to tumor ce1l heterogeneity, i.e., the presence or development of a

sma1I population of hormone-insensitive cel1s in hormone-responsive prostatic
carcinomas t51. Appropriate anima] models for the study of human prostatic
cancer should also possess these haIl-mark characteristics 16,11. A few

transplantable tumor systems with hormone-sensitive and -insensitive sublines

have been derived from rat prostatic carcinomas [6,8-10]. The R-3327 lines
have been derived from a spontaneous dorsolateral* prostate adenocarcinoma

found by Dunning []-21 in an aged COP rat; this tumor was androgen-sensitive

and had androgen receptors [131. other transplantable lines were developed

from hormone-insensitive prostate carcinomas, i.e., spontaneous carcinomas in
aged germ-free Lobund-Wistar rats [14] and hormonally-induced carcinonas in Nb

rats IB].

Studies on hormone sensitivity of chemically induced rat prostatic car-
cinomas have never been reported. However, there are reports of enhancement

of chemica11y i.nduced prostatic carcinogenesis j-n rats by chronic testosterone

treatment [15,16]. These findings indicate that androgens may be enhancers of
prostatic carcinogenesis, and they suggest that the resulting carcinomas are

androgen-sensitive. We have reported the induction of adenocarcinomas of the

rat dorsolateral prostate by a single injection of N-methyl-N-nitrosourea
(MNU) following seguential treatment with cyproterone acetate (CA) and testos-
terone propionate (TP) [17,18]. Morphological and biological characteristics
of these carci.nomas have been reported [7], but their hormone sensitivity has

not been studied. The main purpose of this study was to determine whether the

development of prostatic carcinomas induced by MNU after CA and TP pretreat-
ment is dependent on the presence of androgen, and whether these carcinomas,

once developed, are androgen-sensitive. An additional aim was to study the

long-term effects of treatment with only CA, TP or MNU and to compare the

results with those obtained in CA + TP + MNu-treated rats and in untreated

Nomenclature of the accessory sex glands is according to Jesik et al. [11].
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control animals. Such control studies have not been performed earlier
[17,18]. An unexpected finding in thls study was the induction of skin tuttors

by MNU injected following CA and TP trealment, and the effect of castration
on the induction of these tumors.

MATERIALS AND METHODS

Animals

Male random-bred Wistar rats (Cpb:WU), obtained from the central Institute for
the Breeding of Laboratory Animals (CPB-TI\IO), Zeisl, the Netherlands, were
used after at least one week adaptation. They were housed, 5 to a cage, in
stainless steel wire-mesh cages,^in a conventional, well-ventilated roon, at
an ambient temperature of 23 + 1"C, and 50 t 10% relative humidity, lighted 12

hours/day. The rats had ad libitum access to an in-house prepared natural
ingredient diet and to tap water, both regularly screened for a large nunber
of contaminants.

Chemicals

cA (CAS: 427-51-0i Schering, Berlin, F.R.G.), was used as Androcur@ tablets
(50 mg CA,/tablet) dispersed in tap vrater. A TP (CAS: 57-85-2) solution in oil
lSQ ng/ m1, Neohombreol@) was obtained from organon, oss, the Netherlands. MNU

(CeS: 884-93-5), wetted with 3? acetic acid (Sigma, St. Louis, MO) and stored
at -20uC until used, was freshly dissolved in saline, 10 mglmI, yielding a pH

of approximately 5.5.

Expe rimental Design

At 8 weeks of age, the rats were randomly divided into 4 groups of 30 and 3

groups of 20 animals each, as indicated in Table I. Groups J- - 5 were given
CA by gavage daily for 21- days, at a dose of 50 ng/kg. Di,rectly after CA

treatment, groups 1 - 4 (n = 30 rats,/group) were administered'TP, 100 m9/k9,
daily on days 22, 23 and 24 of the experiment between B a.m. and L2 noon. on
day 25, MNU was administered to group 1 - 3, as detailed below. Group 5 (n
20) received only CA treatment, and group 6 (n = 30) received only MNU treat-
ment, 25 days after the start of the experiment. Group 7 (n = 20) was an
untreated control group.

On day 24 the rats of groups L, 2,3 and 6 were transferred to a carcino-
gen-containment area in the same animal faci.lity and housed, 5 to cage, in
disposable plastic cages with filter tops (Scanbur, Koge, Denmark) containing
sterilized saw-dust bedding. On day 25 between 10 a.m. and 12 noon, the
animals received a single i.v. injection in the tail vein of MNU at a dose of
50 mg$g, irunediately after the MNU solution was prepared. Safety measures
were taken during carcinogen exposure and a period thereafter to protect
workers and to prevent contamination of the environment; these measures have
been described earlier [].81. After a period of two weeks the animals were
returned to wire-mesh cages in a conventional room.
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The dosages of CA, TP and MNU, the duration of CA and TP treatment, and
the timing of MNU admi.nistration were based on previous experiments [17,18].
Four weeks after MNU injection, group 2 was subjected to orchiectomy via the
scrotal route, while the animals were under ether anesthesia. From 5 months
after MNU treatment, the rats in groups L - 3 were palpated biweekly to detect
internal tumor masses in the lower abdomen. Such a mass was found in a rat of
group 3 at 58 weeks after MNU administration. Under ether anesthesia, a
laparotomy was performed, and a tumor biopsy was taken. The tumor mass hras
approximately 3 cm in diameter and seemed to involve the dorsolateral prostate
and the seminaL vesicles/coagulating glands. 1llro days later, after the biopsy
had been diagnosed as an adenocarcinoma, this animal and the remaining sur-
vivors in group 3 were castrated. The animals were checked daily and kil1ed
when moribund. Surviving rats were killed 79 weeks after MNU treatment.

Pathology

The animals were ki11ed by exsanguination via cannulating the abdominal aorta
or by decapitation while under ether anesthesia. Each rat was subjected to a
complete autopsy, and all grossly observed lesions were recorded. The follow-
ing tissues were preserved in a 4t agueous, neutral, phosphate buffered
formaldehyde solution: accessory sex glands (dorsolateral and ventral prostate
1obes, anpuJ.lary glands, coagrlating glands, and seminal vesicles) and urinary
bladder in toto, pituitary, thyroids + parathyroids, adrenals, 1ungs, Iiver,
spleen and all gross lesions. Tissues were embedded in a paraffin wax, and 5
pm sections were prepared and stained with hematoxylin and eosin. Sections of
pituitary, thyroids and adrenals, made at 3 IeveIs. Lungs were hisLologically
examined to detect tumor metastases. Accessory sex glands were dissected
after fixation as described previously [17,19]. Twelve to fourteen step
sections were made at approximately 250 rrm distance of the ventral prostate
lobes, of the dorsolateral prostate 1obes, including the ampullary glands
(this lobe was transversely divided in 2 halves before processing), and of
seminaL vesicles and coagulating glands. all tissues were examined by the
same pathologist (M.C.B. ).

Statistical enalysis

Differences in survival and incidences of neoplastic and non-neoplastic 1e-
sions were analyzed by means of the Fisher Exact Test. Differences were
considered significant at the 95% level (one-sided or two-sided, where appro-
priate). Borderline sig'nificance (0.1 > P > 0.05) is also indicated in the
results.

RESULTS

Survival j.n groups 1,3 and 6 was simi.lar (Figure l-). The survival of rats in
group 2 (castrated 4 weeks after lilNU) was somewhat Lower than that of groups

1, 3, and 5. This difference was borderline significant (0.1 > P > 0.05, two-

sided) from week 1t after MNU onward. The mortality in groups 4, 5, and 7

(not treated with MNU) was comparably low. The difference in survival between

groups treated with MNU (1 - 3 and 6) and groups not treated with MNU (4, 5
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TABLE I. Effect of castration on the induction by MNU of neoplasti.c and non-

neoplastic l-esions in the rat dorsolateral prostate

Group Treatment
Time of

castrationa

Initial
number of
animals

Effective
number- of,
anlmals

1

.>

3

4

5

6

1

CA+TP+MNU

CA+TP+MNU

CA+TP+MNU

CA+TP

CA

MNU

Untreated control

4 weeks

58 weeks

30

30

30

30

20

20

?n

29

29

1,6

29

20

20

20

I weeXs after MNU injection.D The number of animils available for gross examination.

and 7) was significant (P < 0.05, one-sided) from week 39 (group 6), 4L (group

3) or 43 (groups 1 and 2) onward.

Adenocarcinomas and atypical hyperplasias of the dorsolateral prostate

were found in group 1 and in the survivors of group 3 that were castrated at
58 weeks after MNU injection (Tab1e r). The total incidence of (pre)neopla-

stic epithelial l-esions of the dorsolateral prostate in these two groups was

1ow, 7 and 14%, respectively. No such l-esions were found in the group that
was orchiectomized 4 weeks after MNU administration (group 2), the group that
was only treated with MNU (group 6), and in the groups that did not receive

MNU injection (groups 4, 5 and 7). The animal in group 3 that was biopsied

and subsequently castrated at 58 weeks after MNU injection, died two weeks

later from a large adenocarcinoma in the dorsofateral prostate region. One

more animal in this subgroup died with a prostatic carcinoma. Sarcomas of the

dorsolateral prostate were onJ-y found in groups that had received MNU treat
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TABLE I - Continued

Number (%) of animals with dorsolateraL prostate lesions

Group
Adeno-

carcinoma Sarcoma
Atypical

hyperplasia
Reactive

hyperplasia
Squamous

metaplasia

1

1

5

4

5

6

"t

1,/2gc Gl

0/2s

2/14 (t{l

0/29

0/1,9

0/1,9

0/19

1,/2gdG)

2/25e $)
L/1,4e fi )

0/29

0/t9

0/19

0/19

1,/24( 4)

0/22

0/L1,

0/27

0/1,9

0/1,6

0/19

L6/24(67 )

2/22 $)f
10/Lt (91)

22/21 lgt)

15/1_9 (79)

9/1,6 t3B)

1,4/t9 (74)

L/24 (4)

0/22

0A1,

0/27

0/19

0/L6

0/L9

c The number of animals vrith specific lesion is given over the number of
animals from which appropriate material was available (paraffin sections for
assessment neoplastic lesions and atrophy; sections of non-autolytic tissue
for assessment of non-neoplastic lesions; some tissue was not available for
light microscopic evaluation due to the presence of a prostate tumor, and
some tissue was lost during processing or prior to necropsy due to canni.ba

., Iism or advanced autolysis).o U.rdiff.."ntiated sarcortl.
! uistiocytic sarcoma( s) .

'P < 0.0001 for difference with groups 3, 4,5, and 7; p < 0.005 for
difference with groups 1 and 6.

ment after sequential administration of CA and TP (groups 1 - 3), irrespective
of whether castration had been carried out. No prostatic sarcomas were found

in group 6 (r',[{U only).

The incidence of atypical hyperplasia of the ventral prostate was higher
in groups 1 and 4 than in any of the other groups; this was statistically
si.grnificant for group 4 (Table II). The rnorphology of this Lesion has been

described elsewhere t191. In groups 2 and 3 (castrated at 4 and 58 weeks,

respectively), no ventral prostatic atypical hyperplasia was found. Groups 5 -
7 showed a 1ow incidence of this lesion.
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TABLE II Effect of castration on the induction by lt'tu of lesions in the rat
ventral prostate, seminal vesicles, coagulating glands, and

ampullary glands

Number (%) of animals with lesions in

Ventral prostate Seminal Vesicle

Group Treatment
Time of

castration a I'P

Atypical
hyper-
plasia

Reactive
hyper-
plasia

hypertrophy/
hyper-
plasiaN

1

2

3

4

5

6

1

CA+TP+MNU

CA+TP+MNU

CA+TP+MNU

CA+TP

CA

MNU

Untreated
control

4 weeks

58 weeks

6 (2t)

0g

ok

g (32)o

2 (11)

1 (6)s

1 (5)

2gd

19

1-1

28

19

t7

t9

4 (L4)

1 (s)

5 (as)l

2 (7)

0

2 (tzt

0

25d

2L

13

26

19p

t6

t-B

18 (62)e

oh

3 (23 )m

1 (27)

5 (26)

10 (63)r

3 (17)

I weet<s after MNU injection.o Nrrb". of animals 6f ,r,icfr non-autolytic tissue was available for
^ microscopic evaluation.
I Histotogically confirmed total atrophy.
I One animal had focal squamous metaplasia.e p < 0.0L for difference with grorrpi 4 and 5, and P < 0.001 for difference
, with group 7 (two-sided).
- 0.1 > P > 0.05 for difference with groups 4 and 7, and P = 0.05 for
^ difference with group 5 (two-sided).
Y 0.1 > P > 0.05 for difference with group 1, and P < 0.01- for difference
, with group 4 (two-sided).
" P < O.O5 for difference with groups 4 and 5, and P < 0.0001 for difference
, with groups 1 and 6 (two-sided).
' O.L > P > 0.05 for difference with groups 4 and 6, P < O.O5 for dj,fference
. with group 3, and P ! 0.005 for difference with groups l- and 7 (two-sided).
J p < 0.0001" for difference with groups 1 and 4-7 (one-sided).
i 0.1 > P > 0.05 for difference with group 4 (two-sided).
'P < 0.02 for difference with groups 2, 4, 5, and 7 (two-sided).
:0.1 > P > 0.05 for difference with group 6 (two-sided).
'l P < 0.05 for difference with group 7 (two-sided).
I 0., , P > O.O5 for difference-witlr group 7 (two-sided).
r One animal had focal dysplasia.
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TABLE II - Continued

Number (3) of animals with lesions in:

Seminal Vesicle Coagnrlating gland Ampullary gland

Group

Reactive
hyper-
plasia

Reactive
hyper-
plasia

Reactive
hyper-
plasia

M.rmber (B) of
animals with
accessory sex^
gland atrophy'N N

25d
f

1

2

3

4

5

6

1

3 (12)

1 (s)

0

1 (4)

0

0

1 (6)

26

19

L6

1B

6 (24)

1 (5)

0

1 (4)

n

1 (6)

0

22d

a1

11

26

20

t6

19

9 (41)

L (s)i

on

7 (27)

3 (1s)

s (31)

B (42)

2t

0/29

24/24 (L00))

!4/t4(LOU)

0/29

0/t9

0/19

0/t9

13d

-q 0.1, P > O.O5 for difference with group 4 (two-sided).t 0.1 > P > O.O5 for difference with lroups 4 and 5, and P < 0.02
for difference with group 7 (two-sided).

A high incidence (63 - 122) of focal hypertrophy/hyperplasia of the semi-

na1 vesicle occurred only in the groups that had been treated with MNU, but

that had not been subjected to castration (groups 1 and 6; Table II). The

difference in incidence between these two groups and groups 2 - 5 and 7 was

highly significant. this lesion occurred in 1ow incidence in groups 4, 5, and

1. It was not observed in group 2 (castrated 4 weeks after MNU). The mor-

phology of this lesions has been described previously [18].

The occurrence of reactive hyperplasia accompanying inflanunatory changes

of the dorsolateral prostate hras significantly lower in rats of group 2, than

in any of the other groups (Table r). Reactive hyperplasia of the coagmlating
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TABLE III Effect of castration on induction by MNU of tumors at sites other
than the accessory sex glands

Number (%) of animals with:

Group Treatnent
Time of

castration'

Effective
number gf
anlmal.s

Generalized
lymphoma

Earduct-Zymbal
gland ( sebaceous )

sguamous ceII
carcinomaa

1

2

3

4

5

6

1

CA+TP+MNU

CA+TP+MNU

CA+TP+MNU

CA+TP

CA

MNU

Untreated
Controf

4 weeks

58 weeks

2e {2s)

29 (26)

16 ( 1s)
7 (1)

29 (27)

20 (19)

19 (r-9 )

20 (19)

4 (14)c

6(21)h

0
2(29;9)

0

0

4 (21)h

0

I (28 )d

9 (311i'P

4 (25;L1)h
0

0

0

4{21 th',9

0

m

^ 
available for microscopic evaluation is given in parentheses.

;0.1 > P > 0.05 (one-sided) for difference with group 4.
: P < 0.01 (one-sided) for difference with groups 4, 5, and 7.
: P ! 0.01 (two-sided) for difference with group 6.
i e 5 O.OO1 (one-sided) for difference with groups 4, 5, and ?.
v P < 0.01 (one-sided) for difference with group 4, and P < 0.05 (one-sided)

I weeks after MNU injection.o Nrrrober of animal-s ivailable for gross examination; nurnber of animals

" 
for differences with groups 5 and 7,

'.'P < 0.05 (one-sided) for difference with groups 4, 5, and 7.- P < 0.001 (one-sided) for difference with group 4 and P < 0.01 (one-sided)
- for difference with groups 5 and 7.I p < O.O5 (one-sided) for difference with group 4, and 0.1 > P > 0.05 (one-
u sided) for difference with groups 5 and 7.
i P < 0.02 (two-sided) for difference with group 1.
:0.1 > P > 0.05 (two-sided) for difference with group 1.m rhe first figure in parentheses is the percentage oi castrated or uncastra-

ted animal-s that had the lesi.ons; the second figure is the percentage of all
- animals (n=23) in this group, which was used for statistical analysis.
'^ Skin tumor diagnoses by group: (i) - 3 squamous papillomas, 1 sebaceous

adenoma, 2 sebaceous-squamous papillomas, 1 keratoacanthoma, 4 sguamous cell
carcinomas; (ii1 - 1 sebaceous adenoma, 1 pilomatrixoma, 1 squamous cell
carcinoma; (iii) - 1 pilomatrixoma, J" basaf carcinoma; (iv) - 1 sqJuarnous
ceII carcinoma; (v) - 1 sebaceous adenoma.
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TABLE III _ ConLinued

Number (%) of animals with:

Subcutis

sarcoma (undif-
ferentiated) Fibroma

Skin tunors

Group Total
Maligrnant

only
Benign
only

Other
tumors

1

2

3

0

0

0

0

4

5

6

1

2 (11

5 (17 )r

I (6;4)
L (L4;4)

0

0

2 l1).)r

n

1 (24)9

2 Q\t
t (6i41
0

0

0

1 (s)

0

(a )o

(b)

(c)
(d)

(e)

(f)

(s)

(h)

2 (1)

1 (4)

0

0

0

0

0

0

6f
11(38)'','

3 (ro)k

4 (14t

1 (3)

,..n(r)

(ii I

(iii )
(iv)

(v)

2

1

s)I r
4)1

13
t4

(6ia)
(14 i 4l

0

0

1 (s)

0

o oth"r tumors by group: (a) - 1 pituitary hemorrhagic adenoma, 1 pituitary
solid adenoma, 1 thyroid light ceII solid adenoma, 2 thyroid papillary
cystadenomas kidney mesenchlmal tumor, 1 stomach squanous papillona, 1
subendocardial sarcona, 1 epididymis histiocytic sarcoma, 1 cervical lymph
node histiocytic sarcoma, (b) - 3 pituitary hemorrhagic adenomas, 2 thyroid
papillary cystadenomas, 1 rib osteona, 1 spinal osteosarcorna, 2 stomach
squanous papillomas, l- mediastinum undifferentiated sarcoma; (c) - 3

pituitary hemorrhagic adenomas, 1 thyroid follicular adenoma, 1 thyroid
papillary cystadenoma, 1 spleen hemangiosarcoma, 1 duodenum mrcinous
adenocarcinoma, l- spinal osteosarcoma, 2 abdominal cavity mesotheliomas;
(d) - 1 thyroid light ceII solid adenoma, 1 stomach squamous papilloma, 1-

mediastinum undifferentiated sarcoma; (e) - 2 pituitary hemorrhagic
adenomas, 1 thyroid light cell solid adenonn; (f) - no tumors observed;
(S) - 1 adrenal pheochromocytoma, 1 adrenal cortical adenoma, 1 pituitary
hemorrhagic adenoma, l- spleen hemangiosarcoma, 1 kidney clear ceIl
carcinoma, 1 kidney mesenchlmal tumor, 1 epididymis undifferentiated
sarcoma; (h) - l- adrenal pheochromocytoma, 1 brain menigioma, 1 subcutis
liooma.

I onl additional animal had an earductllzmbal's gland squamous papillorna.
! rwo additional animals had an earductZymbal's gland sguamous-papiI1oma.r one of these tumors was a fibrosarcoma-
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gland occurred relatively freguently in group 1-, and reactive hyperplasia of
the anpullary gland was relatively infreguent i.n the castrated groups (2 and

3i Table II). All animals of groups 2 and 3 that had been castrated had

grossly and mj.croscopically complete atrophy of the accessory sex glands
(Table II ) .

MNU induced a wide variety of neoplasms at sites other than the accessory

sex glands as indicated in Table IrI. A.Lmost 40% of the animals in group 1

(MNU following CA + TP) had skin tunors, whereas the incidence of skin neo-
plasms was significantly lower in group 2 (castrated 4 weeks after MNU) and

group 6 (MNU only), and borderline significantly lower in animals of group 3

that were castrated after 58 weeks. These differences were significant for
benign skin tumors as wel-1 as for malignant and benign skin tumors together
(see Table IrI, footnote n). Although the animals were observed daily, no

specific data were collected concerning the presence of skin tumors before and

after castration in the group that was orchiectomized at 58 weeks.

The incidence of squamous celI and sebaceous-squamous ceII carcinomas of
the Zymbal's'g1and or earduct was comparable in groups that had received MNU

with or without CA + TP pretreatment or castration. There were no differences
in the occurrence of other tumors among MNu-treated groups (1 - 3, and 6).
Interestingly, generalized lymphomas were found only in animals that died or
were kiIled before \reek 58 in group 3, whereas tumors of Zlzmbal's gland or
earduct were only found in animals that survived for longer than 58 weeks in
group 3.

DISCUSSION

In rats that were orchiectomized 4 weeks after carcinogen administration no

adenocarcinomas and atlpical hyperplasia of the dorsolateral prostate were

observed after treatment with CA, TP and tqNU in Lhe present study. In con-

trast, when castration was carried out at the time of clinical detection of
the first prostate carcinoma (a large tumor found 58 weeks after MNU), the
development of prostate carcinonas seemed not to be affected. Because of the

low incidence of dorsolateral prostate carcinonas and preneoplastic lesions in
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this study, the effect of early castration did not reach statistical sig-
nj.ficance. Nevertheless, these results suggest that the presence of androgen

is reguired for the development of MNU-induced prostate cancer, but that
advanced MNU-induced prostatic carcinomas are not or less androgen-sensitive.
The prostatic cancer incidence in this experiment was mrch lower than that
previously observed in similar experiments [17,18], CA was administered by

gavage for 2L days in this study, whereas in earlier experiments with MNU, CA

was given by s.c. injection for l-B days [18]. This was the only difference in
experimental procedures between this and previous studies, and may therefore
have been responsible for the discrepancy in prostatic cancer incidence. we

have no direct indication of the reason for this di.screpancy. However, dif-
ferences in CA pharmacokinetics between gavage administration and s.c. injec-
tion in oil may have resulted in differences in the proStatic ce11 prolifera-
tion response to subseguent TP treatment, and consequently in differences in
prostatic suceptibility to MllU-induced carcinogenesis, On the other hand, the
low incidence in this study may be fortuitous, and an expression of variabili-
ty in response to the carcinogeni.c treatment in the outbred WU rats.

MNU administration without preceding treatnent with CA and TP did not
result in carcinomas, sarcomas or atlpical hyperplasia in the dorsolateral
prostate. rhis observation supports our earlier conclusion [18l Lhat the
enhanced 1eve1 of celI proliferation in the prostate, assumed to resul-t from

the seguential CA and TP treatment, is required at the time of MNU injection
in order for this carcinogen to produce prostatic cancer in rats. Mesenchlmal

tumors of the prostate also onl-y appeared to develop when MNU was injected
after stimulation of ce1l proliferation by treatment with CA and TP. Induction
of dorsoLateral prostatic sarconas was, on the other hand, not influenced by

early or late castration.

The incidence of atylpical hyperplasia of the ventral prostate was in-
creased in the groups that had been treated with CA and TP, with or without
MNU, in comparison with untreated controls and with MNU- or CA-treated ani-
mals. rhis finding indicates that the combined treatment with CA and TP leads

to enhancement of the formation of this spontaneously occurring ventral pros-

tatic proliferative lesion. Since we did not include a group treated with
only TP, it cannot be excluded that TP treatment as such may have been respon-

sible for this enhancement. The marked inhibition of the formation of ventral
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prostatic atlpical hyperplasia by early as wel-1 as by late orchiectomy indi-
cates that androgens play a key role in the development of this lesion, and

strongly suggest that it is androgen-sensitive. This is a sigrnificant obser-

vation, because the etiology of this lesion, that occurs spontaneousl-y with
aging in many rat strains, has been unknown thus far [19]. Atypical hyper-

plasia of the ventral prostate can be induced with chronic treatment with
3,2'-dimethyl-4-aminobiphenyl 120,211, which offers a model for further study

of the role of androgens in the etiology and pathogenesis of this lesion.

Another significant finding was that the seminaf vesicle lesion that we

termed "focal- hypertrophy/hyperplasia" Isee 18] occurs spontaneously in l-ow

incidence in the WU rat strain, and that its occurrence is greatly enhanced by

exposure to MNU, irrespective of pretreatment. However, epithelial neoplasia

of the seminal vesicle specifically was not found in any of the treatment
groups. These observations support our earlj-er conclusion t18l that this
seminal vesicle lesion is not rel-ated to the development of carcinomas in the

region of the dorsolateral prostate, which are only found when MNU injection
is preceded by CA + TP treatment. The occurrence of the focal hypertrophy/
hyperplasia after MMJ injection was reduced to the level of control incidences

by late castration, and completely inhibited by early orchiectomy. Shirai et
al. l22l found a similar seminal vesicle lesion in P344 rats when MNU

injection was followed by chronic dietary exposure to methyltestosterone.

These and our data indicate that the development of this lesion is androgen-

dependent, and they suggest that the lesion, once developed, is androgen-

sensitive. Shirai et aI. [22] did not observe this seminaL vesicle lesion,
which they alluded to as atlpical hyperplasia, after only a single ltrtu

administrati,on, as we did in the present study. This discrepancy may be due

to differences between the F334 and WU rat strains.

TUmors of the skin and its appendages occurred in almost 40>" of the ani-
mals that were injected with MNU following CA and TP treatment, but not in
rats treated with only MNU. Subsequent castration greatly reduced the in-
cidence of skin tumors, irrespective of whether orchiectomy took place shortly
or long after MNU administration. These results suggest that hormone-induced

ce11 proliferation plays a role in the initiation of skin tumorigenesis, and

they indicate that endogenous androgens are involved in the later stages of
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thi,s process, either as promotors or, if the induced skin tumors are androgen-

sensitive, as supporters of tumor growth. It has long been known that the

epi.dermis and its appendages are androgen-sensitive 123,24,25,261, that skin
cancer, particularly squamous ce11 carcinona, occurs more freguently in men

than in women [27], and that skin tumors are more readily induced in male than

in female mice [28,29]. There are i.ndications that the rat skin responds to
castration followed by androgen treatnent with a similar surge in cel1 proli-
feration as does the rat prostate [30,3],1. It is therefore not entirely
surprising that we found induction of skj,n cancer in the group treated with CA

+ TP + MNU, but not in the group that received MNU only. Thus, MNU when

administered i.v. at a dose of 50 ng/kg after treatment with CA and TP, is a

complete carcj,nogen for the rat skj,n, not reguiring exposure of the skin to a

tumor promotor for full carcinogenic activity.

Notwithstanding the great popularity of the mouse skin cancer model for
the study of carcinogenesis, there are, to our knowledge, only two other
reports about the effect of castration on skin tumorigenesis in mice. Zackheim

l32l compared skin tumorigenesis by repeated painting wi.th 3-

methylcholanthrene in castrated and intact male mice, and found a slightly
lower number of animals with tumors and number of tumors per mouse in the
castrated group. Bates [29] applied a single subcarcinogenic dose of 7,12-
dimethylbenz[a]anthracene to the back skin of male mice and promoted skin
tumorigenesis with weekly croton oil application, starting one week after
carcinogen treatment. Mice that had been castrated two weeks before carcinogen

application developed skin tumors significantly less freguently than intact
controls. Castration two weeks after carcinogen treatment (and one weeks

after the start of croton oi1 application) did not affect skin tumorigenesis.
These resul-ts were interpreted as indication that androgens enhanced metabolic
activation and,/or reduced detoxification of dimethylbenzanthracene, ds

testosterone was found to inhibit aryl hydrocarbon hydroxylase activity [33].
However, the present study, that used the direct-acting carcinogen MNU that
does not reguire metabolic activation for its m:tagenic and carcinogenic
action, indicates that inhibiting effects of castration on epidermal cell
turn-over during carcinogen exposure may have accounted for some of these

findings 129,321, In contrast to the results of the two stage skin
carcinogenesis study in mice by Bates [29], this study also indicates that
androgens play a role in the promotion stage of rat skin tumorigenesis.
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rt was remarkable that tumors of the Zymbal's gland or earduct occurred in
similar incidences in all groups that received MNU injections, i.rrespective of
pretreatment and orchiectomy; as indicated earlier, pretreatment and

castration did affect the formation of skin tumors, Lncluding sebaceous gland

neoplasms, The androgen sensitivity of sebaceous glands has been well
documented 123,24,25,261, and in castrated rats they show a ce1l proliferation
response to androgen treatment that is similar to that of epidermis and

prostate [30,31,34]. In dogs, tumors of the sebaceous perianal gland occur 10

times more freguently in males than in females, and they are often androgen-

sensitive, as treatment with estrogens can be of palliative val.ue [35,36]. On

the other hand, canine sebaceous gland tumors other than from the perianal
gland are about equally frequent in males and females [35], and hormone

sensitivity has not been reported to our knowledge. Thus, there is a

precedent for the divergent modification by androgens of tumorigenesis of the

epidermis, including epidermal sebaceous structures, and of the Z1mbal's

gland-earduct tissues observed in the present study. An explanation for this
di-vergence requires further exploration.

In sunmary, after initiati.on with MNU, early orchiectomy seemed prevent

the development of dorsolateraf prostate carcinomas and preneoplasia, but

castration at 58 weeks did not have such inhibiting effect. Although the

incidence of the lesions was 1ow, these results suggest that androgens are

reguired for the development of MNU-induced prostatic cancer in rats, but that
advanced carcinomas are relatively androgen-insensj,tive. Skin tumors were

freguently found in ani,mals treated with CA, TP and MNU, but not in rats that
received only MNU. Late and, particularly, early castration markedly i.n-

hibited this skin tumor response. These data indicate that hormone-induced

ce1I proliferation can play a role in the initiation stage of skin tunorige-
nesis in the rat, and that endogenous androgens are critically involved in the

later stages of this process.
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CHAPTER V

COT{PARISON OF INDUCTION OE TUIqORS OE THE PROSTATE

AND OTHER TISSUES IN Ii[AtE FISCHER P344, SPRAGUE DAYTLEY,

AND WISTAR R.ATS BY N-I{ETHYL-N-NITROSOUREA

AFTER SEQUENTIAL TREAT}TENT WITH

CYPROTERONE ACETATE AND TESTOSTERONE PROPIONATE

Maarten C. Bosland, John H. Weisburger, Abraham Rivenson,

Jerrold Silverman, cary M. Wi11ians, and Robert Kroes

ABSIRACT - The purpose of this study was to determine whether two generally
available rat strains, the Fischer F344 and Sprague Dawley (S-D) strains, are
sensitive to induction of adenocarcinomas of the dorsolateral prostate by
seguential treatnent with cyproterone acetate (CA), testosterone propionate
(TP) and a single high dose of N-methyl-N-nitrosourea (MNU). This method has
been successful in the Wi,star WU strain. Adenocarcinomas of the dorsolateral
prostate were induced in 1ow incidence in Wistar rats and in S-D rats, but not
in F344 rats. Ventral prostatic proliferative lesions were induced specifi-
caI1y in P344 rats. These strain differences in incidence and localization of
prostatic carcinoma and atypical hyperplasia could not be explained by dif-
ferences in epithelial ceIl proliferation response to CA and TP treatnent and
in MNU-induced unscheduled DNA synthesis between F344 and wistar rats and
between dorsolateral and ventral prostate. Fractionated administration of MNU

to a higher total dose than with a single injection was not more effective in
producing dorsol-ateral prostate carcinomas, and did not induce ventral pros-
tatic proliferative lesions in F344 rats. Skin tumors specifically in Wistar
wU rats. the consistent induction of dorsolateral prostate carcinomas by
treatment with CA, TP and MNU is, notwithstanding the l"ow inci.dence, a sig-
nificant finding in view of the extremely low spontaneous frequency of these
tumors in aging rats.
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I}ilIRODUCTION

Cancer of the prostate is the second most important cause of death due to
malignancy in nales in the Western world [1]. The causes of this neoplastic
disease are not known with any certainty t1l, and therefore, no strategy for
prevention is possible. The lack of a suitable animal model for the study of
prostati.c carcinogenesis is one of the reasons that so little is known about

the etiology of the disease.

Adenocarcinomas of the rat dorsolateral" prostate can be induced by a

single i.v. injection of N-methyl-N-nitrosourea (MNU) following sequential

treatment with cyproterone acetate (CA) and testosterone propionate (TP),

which enhances prostatic ceI1 prol-iferation at the time of MNU administration

12,3). The induced carcinomas have characteristics that are desirable for an

appropriate animal model of human prostatic cancer [4], and the method of
induction is simple and a11ows studies of the promotion stage of prostatic
carcinogenesis. Although in all- experiments using this approach dorsolateral
prostate carcinomas have consistently been induced [2,3,5], the incidence is
variable and usually rather 1ow. Furthermore, in previous experiments we have

used a Wj,star rats strain that is not generally available outside the Nether-

lands, i.e., the Cpb:l,iu strain.

The purpose of this study was to determine whether two generally available
rats strains, the Fischer (F344) and Sprague Dawley (S-D) strains are sensi-
tive to the induction of prostatic carcinomas using the method that had been

successful in the Wistar rat, and to investigate whether a higher dose of MNU

than used previously would be more effective in producing prostatic cancer.

I4ATERIALS AND METHODS

The experiments were conducted at two sites, the American Health Founda-
tion (AHF), and the TIJO-CIVO Toxicology and Nutrition Institute (11!O). Spe-
cial care was taken to avoid procedural differences between these two sets of
experiments: aII chemicals used were from the same sources, and all animal-
treatments and in vitro techniques were carried out by and/or under the direct
supervision of the same investigator (M.C.B. ),

Animals

Male Fischer F344 (CDF(F344)/CrlBR) and Spragrue Dawley (CrI:CDBR) rats
were obtained from Charles River Breeding Laboratories (Kingston, NY, USA),
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and random-bred Wistar (Cpb:wu) rats were obtained from the Central Institute
for the Breeding of Laboratory Animals (zeist, the Netherlands). The animals
were used after at least one week adaptation. The F344 and S-D rats were
housed, 3 to a cage, in solid bottom polystyrene cages fitted with filter
tops, and the wistar rats were housed, 5 to a cage, in stainless steel, wire-
mesh bottom cages. The cages were placed in conventional, well-ventilated
rooms, at an ambient temperature of 23 + 2"C, and 60 + 20% relative humidity,
lighted L2 h/day. The F344 and S-D rats were housed in the animal facility of
the AHF, and the wistar rats in the facility of r\lo. The rats had ad libitum
access to tap water and food; the F344 and S-D rats were fed NIH-07-(zefgG;
Bros., Gardeners, PA, USA) and the Wistar rats an in-house (tUO) prepared
natural ingredient diet.

Chemicals

CA (CAS: 42"7-5L-0i Schering, Berlin, F.R.G.), was used as Androcur@tabfets
(50 mg CA,ztablet) dispersed in tap water. A TP (CAS:57-85-2) solution in oil
(50 ng/ mI, Neohombreol@) was obtained from Organon, Oss, the Netherlands.
MNU (CAS: 684-91-5), wetted wj.th 3% acetic acid (Sigma, St. Louis, MO, USA)
and stored at -20"C until used, was freghly dissolved fn saline, 10 rrrgfii:tr,
yielding a pH of approximately 5.5. ['H]-Thlmidine (['u]dthd; 40-60 cilrnmo1)
was obtained from New England Nuclear (Boston, MA, USA. I'{Its-z emrlsion and
Di.9 Developer vrere purchased from Eastman Kodak (Rochester, NY, USA).

Experinental Design of Illnor Induction Studies

At 8 weeks of d9e, the rats were randomly divided into groups of 30
(groups 1-4 and 7), or 20 - 25 rats (groups 5, 6, and B), as indicated in
Table I. all groups were given CA by gavage dai,Ly for 21- days, at a dose of 50
ng^g. Directly after CA treatment, all groups were administered TP, 100
mg/kg, daily on days 22, 23 and 24 of the experiment between B and 12 a.m. on
day 25, MNU was administered to groups 1, 2 and 1, by a single i.v. injection
in the tail vein at a dose of 50 mgr4<9, immediately after the MNU solution was
prepared. Groups 3 and 4 received a dose of 25 ng/kg, and were given a second
and third injection on days 26 and 21, resulting in a total dose of 15 ng7kg.
The dosages of CA, TP and MNU, the duration of CA and TP treatment, and the
timing of lotrU administration were based on previous experiments [2,3,5], and
on a preliminary study showing that injection of 25 mglkg MNU on three con-
secutive days resulted in no subacute mortality. Safety measures taken at TI.{O

during carcinogen exposure and a period thereafter to protect workers and to
prevent contamination of the environment have been described earlier [3];
similar measures were taken at the AHF.

The animals were checked twice dai1y, and kil1ed when moribund. Surviving
rats were kil1ed 64 (AHF) or 79 weeks (TItlO) after MNU treatment.

Pathology

The animals were kilfed by carbon dioxide inhalation (AHF) or by exsan-
g:uination via cannulating the abdominal aorta or decapitation while under
ether anesthesia (TIrlO). Each rat was subjected to a complete autopsy, and all
grossly observed lesions were recorded. The following tissues were preserved
in a 4% aqueous, neutral, phosphate buffered formaldehyde solution: accessory
sex glands (dorsolateral and ventral prostate 1obes, anpullary glands, coagu-
lating glands, and seminal vesicles) and urinary bladder in toto, pituitary,
thyroj-ds + parathyroids, adrenals, h:ngs, 1iver, spleen and all gross lesions,
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Tissues were embedded in a paraffin wax, and 5 pm sections were prepared and
stained with hematoxylin and eosin (H & E). Sections of the pituitary, thy-
rolds, adrenals, Iiver, spleen and all grossly observed tumor-like lesions
were examined microscopically. Lungs were histologically examined to detect
metastases of prostatic carcinomas and other tumors. Accessory sex glands
were dissected after fixation as described earlier [3,6]. Six (AHF) or
twelve (TNo) step sections were made at approximately 300 rrm distance of the
ventral prostate lobes, of the dorsolateral prostate 1obes, including the
ampullary glands (this lobe was transversely divided in 2 hafves before pro-
cessing), and of seminal vesicles and coagulating glands. A11 tissues were
examined by the same pathologist (M.C.B. ).

Measurement of Cell Proliferation and Unscheduled oNR Svnthesi s UDS

Groups of three rats were treated with CA and TP as indicated above. On
day 22 or 25, the animals received a single i.v. injection of saline (1.5 ml)
or MNU (50 mgftg), and theywere killed one hour Iater. The ventral and
dorsolateral prostate were guickly renoved under semi-sterilq conditions, and
placed in ice-cold L-15 medium. Tissue fragments of 1-L.5 nun" were prepared
and placed on a filter (Metricel GA-4, 0.8 pm pore-size, Gelman, Ann Arbor,
MI, UsA) in 60 nun plastic petri dishes. Directly thereafter, 4 ml willians'
Medium E (GIBCO, Grand Island, NY, USA), supplemented with 50 pgftrl gentaqrcin
was added to each dish. For measurement of S-phase activity, I uei/nl t'HldThd
was added to the medium, and for measurement of UDs, tO pc:,/rol ['H]dThd and 20
mM hydroxyurea were added. The explant cultures were than placed in a
humidified incubator chamber (Bel1co, Vineland, NJ), which was flushed with a
5% COr-air mixture for 3 minutes. The chamber was then placed on a rocking
platf6rm (10 cycles/min.) at 37oC. Exactly 4 hours after addition of the
['H]dThd, the medium was removed, and the explants were vrashed three times
with cold medium, and either fixed in a 4 % forrnaldehyde solution (S-phase
activity) or refed with 4 ml- cold medium for another l-4 hours before fixation
(UDS activity) to reduce background labeling [?J. Five rrm-thick paraffin
sections or 2 rnn-thick methyl methacrylate sections were prepared and dipped
in NTts-2 ermrlsion. After 2 weeks of exposure, the slides were developed (D19)
and stained (H & E). For estimation of S-phase activity, 1000 epithelial ce1ls
were counted, and the labeling index was calculated, The UDS slides were
qualitatively studied, because the effect was sufficiently clear to draw a
conclusion without guantitation,

Statistical analysis

Differences i,n survival and labeling index were analyzed using Student's
t-test, and differences in the incidences of neoplastic and non-neoplastic
lesions were eval-uated with the Fisher Exact Test. Differences were con-
sidered statistically significant at the 95% 1eve1 (one-sided or two-sided,
where appropriate). Borderline significance (0.1 > P > 0.05) is also indi-
cated in the resul-ts.

RESULTS

Survival of the MNU-treated Wistar and F344 rats was simj.lar (Tab1e I).
The MNU-treated S-D rats, on the other hand, died earlier than MNU-treated

rats of the two other strains, due to earlier occurrence of lethal tumors and
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non-neoplastic disease. There was no difference in survival between animals

that received a single 50 ng/kg dose of MNU and those that were given three

injections of MNU to a totaf dose of 75 ng/kg.

The incidences of neoplasms of the accessory sex glands are presented in
Table I. Adenocarcj.nomas of the dorsofateral prostate were only observed in
MNu-treated Wistar and S-D rats, but not in r'344 rats. Lesions in the ventral
prostate classified as carcinoma in situ [6,8,9], on the other hand, were only

found in MNU-treated F334 rats. Seminal vesicle adenocarcinomas occurred in
MNu-treated F344 and S-D rats, but not in the Wistar rats. The incidence of
these prostate and seminal vesicle carcinomas was very low, 4-72. The seminal

vesicle and ventral prostate carcinomas were of microscopic size, and they

were detected in animals that were killed at or just before the termination of

the experiment, However, the dorsolateral prostate carcinonras were all found

before the study termination, and they were grossly apparent. There were very

few sarcomas of the accessory sex glands ( see Table r ) .

The incidences of hyperplastic lesions of the accessory sex glands are

detailed in Table II. Atypical hyperplasia of the dorsolateral prostate was

very infreguent, and in all three strains it only occurred in the groups that
had been treated with a single high dose of MNU. Atypical hyperplasia of the

ventral prostate was observed in all groups except in F344 control rats. The

incidence of ventral prostatic atypical hyperplasia was significantly in-
creased in F344 rats that received a single MNU dose (group 1) in comparison

both with t344 rats that were injected three times (group 3) and with F344

controls. The total incidence of ventraf prostate proliferative lesions
(carcinoma in situ + atypical hyperplasia) in group \ was 9/23 (393), whereas

in F344 rats that received three lower doses of MNU (group 3) the total in-
cidence was 3/23 (13%). Atypical hyperplasia of the spninal vesicle occurred

in one animal of group 1, and no atypical hyperplastic 1esions were observed

in the coagn-rlating and ampullary glands. The incidence of a focal lesion in
the seminal vesicle classified as hypertrophy-hyperplasia [2,10], was narkedly

elevated in all groups that received MNU treatment in comparison with control

groups, in which this lesion occurred at 1ow incidence. Reactive hyperplasia

accompanying focal subacute and chronic inflanrnatory processes occurred sig-
nificantly more freguently in the dorsolateral prostate and ampullary gland of

control and MNU-treated Wistar rats than in the two other strains. Reactive
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TABLE I. I\-mors of the accessory sex glands and survival in F344, Sprague-

Dawley (S-D), and Wistar (WU) rats

Number (%) of rats with tumors in

Dorsolateral prostate region

Group Strain Treatment

Effective
number
of rats survivala Adenocarci,noma

1

)

3

4

5

6

F344

s-D

F344

s-D

F344

S-D

CA+TP+1XMNU

CA+TP+].XMNU

CA+TP+3XMNU

CA+TP+3x.IrINU

Control

Control

27

2B

26

25

21,

25

58 12
53t2
61 11
54 t2
64 1 0.1

63 1 0.7

b

2(7 )

[55,60]

1(4)
132)

1

B

WU

WU

CA+TP+].XMNU

Control

29

19

61"t3

76+L

1(3)
144)

a
b Time of death (weeks) after (last) MNU injection; mean + SEM.

-- = No trmors observed,
Time of death with tumor (weeks after last MNU injection) in sguare
brackets.

changes in the dorsolateral prostate in F344 rats were significantly less
frequent in group 3 than in group J-. A simil-ar difference in reactive hyper-
plasia incidence between F344 rats of group 3 and group 6 (controls) was

borderline significant. MNU-treated Wistar rats had a significantly lower

incidence of reactive changes in the dorsolateral prostate than did control
wistar rats. The morphology of these atypical and reactive hyperplastic
changes in the accessory sex glands has been described elsewhere [3,6,10].
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TABLE I - Continued

Number (%) of rats with tumors in:

Group

Unclassified
Histiocytic tumor lost

sarcoma for nicroscopy

Undifferen-
Adeno- tiated

carcinorna sarcomr
Carcinoma
in situ

1

2

3

4

5

6

1 (4)
t631"
1 (4)
t63l

1 (4)
t63l

1 (4)
t4sl

1 (4)
t6a 1

1 (4)
l64l

1 (4)
t64)

7

B

The MNU treatment induced a wide variety of tumors at sites other than the
accessory sex glands, as indi,cated in Table III. There was a tendency for
earduct/Z1zmba1 gland tumors to be more freguent in S-D rats than in Wistar and

1344 rats, and to be less freguent in S-D and E344 rats that received a single
high dose of MNU than in rats that were injected three times at a lower dose.

Generalized lymphomas were only found in the S-D and Wistar rats, but not in
the F344 rats. Leydig cell- tumors occurred only in MNU-treated rats of the
?344 strain and in F344 and S-D controls; the incidence of these testicular
lesions tended to be higher in the 8344 control group than in MNU-treated F344

rats. Skin tumors were observed in all groups that had received MNU, and they
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TABLE rr. Non-neoplastic lesions of the accessory sex glands in F344,

Sprague-Dawley (SD), and Wistar (I^iU) rats

Number (U ) of rats with lesions in:

Dorsolateral prostate Ventral prostate

Group Strain Treatment Na

atypical
hyper-
plasia

Reactive
hyper-
plasia

Atypical
hlper-

u plasia

Reactive
hyper-
plasia

b
l_

2

3

4

5

6

8344

S-D

F344

S-D

P344

s-D

CA+TP+1XMNU

CA+TP+].XIIINU

CA+TP+3XMNU

CA+TP+3xlolu

Control

Control

24

20

)n

18

t7

20

11 (46)

L2 (60)

3 (1s)

9 (s0)

10 ( s9 )

8 (40)

B (35)

2 (et

1 (4)

1 (6)

oh

4 (19)

2 tgt

2 (9)

1 (4)

1 (6)

1 (6)

2 (10)

2 (B)

1 (5)

0

0

0

0

e

23

23

25

16

I6

2t

7

B

WU

WU

CA+TP+1X}INU

Control

16 (67)

L6 (94t

29 6 (2tl

11 2 (t2)

4 (L4)

2 (1,2)

24

t1

1 (4)

0
h

a

b
c
d
e

Number of animafs of which non-autolytic tissue was avaiLable for
microscopic evaluation.

with group 1.

occurred significantly more frequently in the wistar strain than in the two

other strains. There were more sarcomas of all types in lqNU-treated Wi,star

and S-D rats than in the MNu-treated F344 groups (Table IIr, footnote k). This

difference was statistically significant (P < 0.05, two-sided) for the dif-
ference in incidence between groups 1 and 7. Sarcomas occurred less fre-
guently in S-D rats that received three MNU injections at 25 tt1/kg each than

P < 0.02 for difference with groups 3 and 5.
P < 0.0001 for difference with group 5.
P < 0.0002 for difference with group 6.
P < 0.02 for difference with group 5, and 0.1- > P > 0.05 for difference
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TABLE II - Continued

Number (%) of rats with lesions in

Seninal vesicles
Coagulating

gland ampullary gland

Atypical
hyper-

Group N plasia

Hypertrophy
and hyper-

plasia

Reactive
hyper-
plasia N

Reactive
hyper-
plasia

Reactive
hyper-
plasiaN

1

)

3

4

5

6

25

1,1

25

11

1B

22

20 (80)

11 (65)

19 (76)

1,2 (11,)

2 (11)

1 (s)

5 (22)

L (6)

1 (6)

1 (7)

t (6)

2 (11)

1 (4)

0

0

0

0

0

U

1 (6)

0

1 (6)

0

0

c

d

C

d

25

t1

25

1,1

1B

22

0

1 (6)

0

n

0

0

23

L8

L6

L4

16

1B

1

B

250
t1 0

L8 (72')t 25

3 (18) 11

6 QA)s 22

017
3 (12)

0

9 (41)

9 (37) 1

P

0
P

g
P

f
I
h

i

< 0.002 for difference with group B.
.1 > P > 0.05 for difference with group B.
< 0.02 for difference with group 5, and P < 0.002 for difference with

roup 6.
< 0.01 for difference with groups 5 and 6

A11 P values are two-sided.

in rats of the same strain that received a single high dose of MNU; this
difference was statistically significant (P < 0.05, two-sided), if the evalua-

tion included the few grossly observed tumor masses suspected of being sar-
comas that were lost for microscopical evaluation in the S-D groups. There

were no differences in the incidence of other tumors between treatment groups

and strains.
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Group Strain Treatment

Nurnber (?) of rats with tumors in:

Earductllzmbal' s gland

(Sebaceous) Unclassified
squamous ceI1 tumor Lost

carcinoma for microscopy Total

Effective
number
of rats

TABLE III Tlmors at sites other than the accessory sex glands in F344'

spragnre Dawley (S-D), and Wistar (WU) rats

1

)

3

4

5

6

F344

S-D

F344

s-D

F344

S_D

CA+TP+],XI'INU

CA+TP+1XMNU

CA+TP+3xIiINU

CA+TP+3XI{NU

Control

Control

21

28

26

25

2t

25

5 (19)b

5 (re)d

1 (4)

6 (2Af

0

0

3 (11)

7 Q5)"

3 (12)

2 (8)

0

8 (30)c

1,2 (B)f

4 (1s )h

8 (32)e

0

0

1 I
7

B

WU

WU

CA+TP+1XMNU

Control-

29

19

B (28) 0

0

B (28)

0

a
b
c
d
e
t
I
h
i
j

k

P<0
P<0
P<0
P<0
P<0
0.1 >

0.1 >
P<0
P<0
P<0

Skin tumor diagnoses are given in footnote k
05 for difference with group 5 (one-sided).
01 for difference with group 5 (one-sided).
05 for difference with group 6 (one-sided).
0L for difference with group 6 (one-sided).
0001 for difference with group 6 (one-sided).
P > 0.05 for difference with group 6 (one-sided).
P > 0.05 for difference with group 5 (one-sided).
05 for difference with group B (one-sided).
05 for difference with groups 2 and 3 (two-sided), and
005 for difference with group 1 (two-sided) and B (one-sided).

(1): 1 preputial gland sebaceous squamous cell carcinoma, 1 skin squamous
ceIl carcinoma, 1 aMominal cavity liposarcoma, L thyroid follicular celI
carcinoma, l- intestine adenomatomous polyp; (2)t 1 kidney mesenchymal
tumor, 1 kidney tumor lost for microscopy, 1 skin keratoacanthoma, L skin
tumor lost for nicroscory, 2 subcutis undifferentiated sarcomas, 2 subcutis
tumors lost for microscopy, 1 stomach sguamous papilloma, 1 osteosarcoma, 1

smal1 intestine adenocarcinoma, 1 nediastinum undifferentiated sarcoma, 1

colon adenocarcinoma; (3): 2 kidney mesenchlmal tumors, 1 preputial gland
sebaceous-sguamous ce11 carcinoma, 2 skin keratoacanthomas, 1 skin tumor
lost for microscopy, 1 subcutis undifferentiated sarconn. 2 aMominal
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TABLE III - Continued

Number (%) of rats with tumors in: Number (%) of rats with:

Testes Skin

Group

Leydig
cell

tumors Mesothelioma

A11
tumor
typesa

Generalized
lymphoma

Other
tlrmors

1

2

3

4

5

6

k4 (1s)

og

3 (12)

0

0

3 (12)

0

0

3 (12)

0

7 (33)

0

1 (4)

2 (1)

3 (12)

1 (14)

n

0

(1)

(2)

(3)

(4)

(s)

(6)

0

3 (11)

0

2 (8)

0

0

0

0

7

B 0

11 (3S)j

n

4 (14)

0

(7)

(8)

Footnote k - continued:
cavity tumors (not pelvic) lost for microscopy, (4): 1 skin squamous papil-
1oma, 2 subcutis fibromas, 1 urinary bladder transitional cell carcinoma, L
subendocardial sarcoma, 1 manunary fibroadenoma; (5): L river nodular lesion
lost for microscopy; (5): 1 thyroid mass lost for microscopy; (g): 1 ne-
phroblastoma, 1 kidney mesenchlrmal tumor, 3 skin squamous papillomas, 4
skin squanous ceI1 carcinomas, l- skin keratoacanthoma, 1 skin sebaceous
adenoma, 2 sebaceous-squamous papillomas, 2 subcutis undifferentiated
sarcomas, 2 skin fibromas, 2 abdorninal cavity undifferentiated sarcomas, 1
pancreas exocrine adenoma, L stomach sqJuamous papilloma, 1 subendocardial
sarcomEl, 1 epididymis histiocytic sarcoma. lymph node histiocytic sarcoma,1 pituitary hernorrhagic adenoma, l- pituitary solid adenoma, 1- thyroid
light ce1l solid adenorna, 2 thyroid papillary cystadenomas; (h): 1 pitui-
tary hemorrhagic adenoma, 1- adrenal pheochromocytoma.

s-phase activity expressed as the labering index was virtually zero in
dorsolateral and ventral prostatic epithell,um of animals treated with CA for
21 days (Table rv). enimals that received Tp treatment for 3 days following
cA treatment had a high labeling index in epitheliun of prostatic explants.
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TABLE IV Epithelial labeling index in the dorsofateral and ventral prostate

of Wistar and F344 rats treated for 21 days with only CA, or with

CA followed by TP for 3 daYs

Treatment

CA CA+TP

Strain
Dorsolateral

prostate
Ventral
prostate

Dorsolateral
prostate

ventral
prostate

Wistar

F344

0.1 1 0.06

0.2 1 0.05

0.0

0.1 t 0.9

8.4 1 0.9

14. B t 0.9

7.1 1 1.1

L5.1 1 2.1

l* , < 0.005 for difference with vafue of Wistar rats (t-test, two-sided)-" P< 0.05 for difference with vafue of Wistar rats (t-test, two-sided).
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There was no labeling index difference between ventral and dorsolateral pros-
tate, but the IabeIj,ng 'index in F344 rats was almost twice that found in
Wistar ratsi S-D rats were not included in this experiment. UDS activity
after MNU injection was abundant as shown in Fig. 1. Most if not all nuclei
were label-ed, In comparison, control rats that received saline one hour prior
to the preparation of the explants, had a prostatic epithelial nuclei with a

lower grain density than the cytoplasmic compartment, as is clear from F1,9. 2,

There was no obvious difference in UDS labeling between dorsolateral- and

ventral prostate, but labeli.ng of epithelial cell nuclei was more abundant and

freguent than that of the nuclei of stromal cel1s. Prostatic UDS activity was

only assessed in n344 rats.

DISCUSSION

Adenocarcinomas of the dorsolateral prostate were only found in MNU-

treated rats of the Wistar and S-D strains, but not in f'344 rats. Atypical
hyperplasia of the dorsolateral prostate, on the other hand, was found in all
three strains. The incidence of both carcinoma and atypical hyperplasia of
the dorsolateral prostate was very 1ow, confirming the results of an earlier
study [5J. Nevertheless, it was clear that the S-D, and particularly the F344

strain did not have a higher susceptibility in this respect than the Wistar
rat, and that these strains thus do not offer advantages over the Wistar rat
to serve as animal model of prostatic cancer. F\rrthermore, the results of the
present study and those of previous experiments 12,3,51 demonstrate that this
treatnent consistently results in the formation of these metastasizing neo-

plasms, albeit in 1ow incidence. The consistency of this finding is highly
significant, as the background incidence of prostatic carcinoma in aged rats
is very low [11], with the exception of spontaneous ventral prostatic car-
cinomas in the ACIlsegHapBR strain I121. F\:rthermore, Lhere are, to our
knowledge, no other animal models in which metastasizing prostate carcinomas

Fig. 1. Unscheduled DI.iA slmthesis in epitheligm in a dorsolateral prostate
explant of a MNU-treated rat, incubated with [-H]dThd in the presence of 20 mM

hydroxyurea. There is dense LJDS labeling of most, if not all, nuclei. H & E,
x530.

E:-g. 2. Dorsolateral prostate explant of a control animal. There is a lower
grain density over the area of the epithelial nuclej. than over cytoplasmic
areas. H&8,x530.
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can be induced with only a single carcinogen administration and without pro-

tracted hormone treatment. The short-term treatment with CA and TP preceding

MNU injection appears to be an absolute reguirement for MNU to induce pros-

tatic carcinomas, because MNU administered without this pretreatment has never

been reported to result in prostatic cancer in either the Wistar strain used

in this experiment, as pointed out earlier [5], or in other rat strains stu-
died t13-191. The failure of producing dorsolateral prostatic adenocarcinomas

in F344 rats is in agreement with the negative results of a study by Shirai et

al. [20], who, in a modification of our protocol, injected MNU into F344 rats

after seguential treatment with ethinyl estradiol and methyltestosterone via
the diet.

Proliferatj"ve epithelial lesions of the ventral prostate occurred sig-
nificantly more often in 1344 rats that received a single high dose of MNU

(group 1) than in any other experimental group, including the F344 control

group. Although the control incidence (0/16) was unexpectedly 1ow in view of
the known total incidence of these fesj.ons in two-year old 1344 rats, i.e.,
6.Bt t211, the high incidence (almost 40t) in exclusively in F344 rats of
group 1 indj,cates that the fesions were specifically induced by the treatment.

The only other known and repeatedly confirmed method of inducing this type of
ventral prostatic atlpical hyperplasia and carcinoma in situ is long-term

repeated treatment with the carcinogen 3,2'-dimethyl-4-aminobiphenyl, result-
ing in a similar incidence [8,9]. The latter studies have only been conducted

in the F344 rat, and in the present study, the occurrence of ventral prostatic
proliferative lesions was only enhanced in the 1344 strain. This would sug-

gest that, in comparison with other rat strains, the ventral prostate of the

F344 rat is very susceptible to chemical carcinogens. However, there are, to
our knowledge, no other reports on carcinogens i.nducing proliferative lesions

of the ventral prostate in this strain. rn addition, N-nitrosobis(2-

oxopropyl)anine has been reported to induce atypical hyperplasia of the

ventral prostate in a Wistar-derived rat strain [22], and we have previously

shown that short-term treatment with only CA and TP can lead to an increased

incidence of this fesion in Wistar rats [5]. Moreover, proliferative fesions

of the ventral prostate occur spontaneousfy with aging in lndnfr and perhaps

all rat strains, though at greatly varying incidence, as shown in this and

other studies [ 5,6,8,12,2Ll.
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In an attempt to explain the difference in the induction of dorsolateral-
prostatic carcinomas and of ventral prostatic proliferative lesions between

Wistar and P344 rats, the cel1 proliferation response to sequential CA + TP

treatment was studied in these strains. As shown in Table IV, there was no

difference in S-phase activity between dorsolateral and ventral prostatic
epithelium in either strai.n after three rP injections, i.e., at the time MNU

was administered in the induction experiments. At that time, the F344 rats
had a level of S-phase activity in both the ventral and dorsolateral prostate

that was approximately twice that of Wistar rats. Thus, differences in ce11

proliferation activity at the time of MNU injection could not explain why

adenocarcinoma of the dorsolateral prostate was only observed in the Wistar

group, and only the F344 group had an increased incidence of ventral prostatic
proliferative lesions; we previously demonstrated that enhanced ce11 replica-
tion activity in prostatic epithelium during MNU injection is essential for
the production of prostatic carcinomas by that carcinogen [3]. Furthermore,

the high 1eve1 of DNA synthesis after CA and TP treatment and the 1ow in-
cidence of proliferative lesions found in the dorsolateral prostate of F344

rats suggest that increasing the 1evel of cell proliferation during MNU ad-

ministration j,n excess of that accomplished in Wistar rats by the CA + TP

treatment employed j,n this study, would not resuft in a higher dorsolateral
prostatic carcinoma incidence. Perhaps, in addition to celI turn-over during

carcinogen exposure, there are other critical factors involved in prostatic
carcinogenesis, which may differ among rat strains, such as elevated circulat-
ing IeveIs of androgens. This is suggested by the enhancing effects of long-

term testosterone adninistration on N-nitrosobis(2-oxopropyl-)anine-induced
prostatic carcinogenesis recently reported by Pour and Stepan [23].

To explore the possibility that in F344 rats MNU did not produce dor-
solateraf prostate carcinomas but only ventral- prostate proliferative lesions

because of differences between these two lobes in DI.{A damage produced, UDS

activity was estimated in F344 rats one hour after MNU injection. Measurement

of UDS was sefected for this exploration, because (i) excision repair is
probably predominant over O6-alkylguanine-DNA alkyltransferase- mediated

repair during ceI1 replication, and particularly during S-phase 124,25), (ii)
this technigue wouJ.d a1low to distinguish between epithelial and stromal

ceI1s, and (iii) this determination could be easily incorporated in the ex-
periments that measured S-phase activity. The heavy UDS labeling in the
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prostatic epithelium of the F3A4 rats indicated extensive DM damage. No

obvious differences in grain density were observed between ventral and dor-
sol-ateral prostate. Thus, these UDS data do not help explain the above men-

tioned differences in incidence between Wistar and E344 rats. On the other

hand, these results do not exclude that there may be differences between F344

and wi.star in Dl.JA-adduct repair by o6-alkylgLranine-DNA alkyltransferase and in
the persistence of specific relevant methyl-DITIA adducts in specifically ven-

tral prostatic epithelium, that would provide such an explanation.

The hiqh incidence of focal hypertrophic-hyperplastic lesions of the

seminal vesicle in MNu-treated rats of all three strains confirms earlier
findings [5,20], that indi.cated that carcinogen exposure per se induces these

lesions. There were some differences between groups in incidence of reactive
hyperplasia in the dorsolateral prostate, which may have been a fortuitous
finding. The higher incidence of this inflammation-associated change in the

wistar control- group than in MNu-treated wistar rats confirms our earl-ier
conclusion [3] that this alteration is not related to the development of
prostatic cancer in this animal- model.

A comparison of the spectrum of tr.mors at sites other than the accessory

sex glands with literature data on MNu-treated rats from various strains [13-
191 proved futile, because it appeared that the l{Nu-induced tumor spectrum not

only varies with strain, but is also extremely dependent on age at administra-
tion, dose of MNU, number of treatments, interval between treatments, route of
adrninistration, and the focus of the study which seemed to determine which

tissues were examined in more detail; no two studies were reaI1y comparable.

It was remarkable that hematopoietic system tumors (generalized lymphornas)

were only found in MNU-treated S-D and Wistar rats, but not j,n F344 ratsi it
is known that the F344 strain develops such tumors at some 30% incidence in
control males [26,211, whereas the S-D and Wistar WU strai.ns have a low spon-

taneous incidence l2'7,281. Leydig cel1 tumors occurred more frequently in
control than in MNU-treated F344 rats. This is probably a reflection of the

longer survival of the controls, and it indicated that the treatment did not

induce these tumors, which spontaneously occur in very high incidence in aging

8344 rats 1261. Longer survival of the control group may also explain the

occurrence of these testicular tumors in control S-D rats, but not in MNU-

treated S-D rats.
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The al-most 40% incidence of skin tumors in the MNU-treated Wistar rats in
thi,s experiment confirms earlier observations that this carcinogen induces

such tumors when injected after seguential treatment with CA and TP [5]. This

is apparently a strain-specific effect, as MNu-treated rats from the two other

strains had a low incidence of skin tumors, which was comparable to the in-
cidence found previously in Wistar rats that received one injection of MNU

wi.thout the CA + TP pretreatment [5].

In conclusion, sequential treatment wj.th CA, TP, and single high dose of

MNU induced ventral prostatic proliferative lesions specifically in E344 rats,
and skj.n tumors specifically in Wistar WLI rats. The F344 and S-D strain did

not appear to have advantages over the Wistar rats as potential animal model

of prostatic cancer: Adenocarcinomas of the dorsolateral prostate were

induced in 1ow incidence in Wistar rats, in agreement with earlier studies,
and in S-D rats, but not in F344 rats. In comparison with a single high dose,

fractionated administration of l,lNU to a higher total dose than given with a

single injection was not more effective in producing dorsolateral prostate

carcinomas, and did not j,nduce ventral prostatic proliferative lesions F344

rats. The consistent induction of dorsolateral prostate carcinomas by treat-
ment with CA, TP and MNU is, notwithstanding the low incidence, a significant
finding in view of the extremely 1ow spontaneous freguency of these turnors in
aging rats.
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CHAPTER VI

INDUCTION OF ADENOCARCINOUAS OF THE R.AT DORSOLATERAL PROSTATE:

RELATION BETWEEN TI!{E OE INJECTION VIITH N_I.TETHYL-N_NITROSOUREA

AND TII.TE OF IiIAXIT.I.AL DNA SYNTHESIS IN PROSTATIC EPITHELIUIII

IN RESPONSE TO SEQUENTIAL TREATIiIENT WITH

CYPROTERONE ACETATE AND TESTOSTERONE PROPIONATE

Maarten C. Bosland, Menk K. Prinsen and Theo J. Dirksen

ABSTRACT - The influence of the time of injection with N-methyl-N-nitrosourea-(ltrrluf or N-ethy1-N-nitrosourea (ENU) in relation to the Eime of maximal pros-
tatic DI.IA synthesis on the induction of prostatic carcinomas was investigated
in Wistar rats. Ce11 proliferation in the prostate was s]rnchronized by daily
treatnent with cyproterone acetate (CA) for 21 days and testosterone propio-
nate (TP) starting on day 22 of the experiment, which resulted in a wave of
DI\IA synthesis that was maximal- 60-53 hours after the first TP injection. Do-
ses of CA and TP that resulted in the highest DNA synthesis response possible
were selected for a tumor induction study. the hypothesis was tested that MNU

would induce more dorsolateral prostate carcinomas when injected at the time
that a maximal number of epithelial cells were entering S-phase than when in-
jected 12 hour later, when the LI was approximately 50? of the maximum Ievel.
However, the carcinogenic response of the dorsol-ateral prostate to injection
with MNU or EIIU after seguential- treatment with CA and TP appeared not to de-
pend primarily on the Ievel of DI'[A synthesis in the prostate. Although (pre1-
neoplastj,c lesions of the prostate tended to occur more frequently in animals
injected with MNU at, or shortly before maximal Di.trA slmthesis occurred, than
in rats injected later, the difference in incidence was smal1 and not statis-
tically sigrnificant. Nevertheless, in the former groups, but not in the lat-
ter, the incidence of (pre)neoplasia of the dorsolateral prostate was signifl-
cantly higher than in controls, which does provide some support for the hypo-
thesis. These resul-ts suggested that treatment with alkylating carcinogens in
the late G1- and early S-phase of the ce11 cycle results in the highest risk
for initiati6n of the prostatic epithelium. The most 1ike1y explanations for
the minimal effect of time of carcinogen injection in relation to time of max-
imal DNA synthesis were the short survivaf of the animals due to high toxicity
of MNU, and the lack of continued ceI1 replication subsequent to the initial
wave of mitotic activity in response to seguential treatment with CA and rP.
Differences were found in preferential site of carcinogenic response, i.e.,
dorsolateral prostate, but not other accessory sex glands, in animals treated
with CA, TP and MNU, and coagnrlating gland in BtrU-treated animals. These
could not be explained by differences in DI{A slnthesis between these glands.
Differences between glands in DIitrA repair processes or carcinogen distribution
are proposed as potential explanation. Earlier observations indicating
androgen effects on skin turnorigenesis were confirmed, as there was a distinct
influence of the time of mlU injection after the first TP injection on the
induction of tumors of the skin and its appendages, injection at 12-74 hours
being the most effective carcinogenic stim:1us for the skin.
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II.ITRODUCTION

Adenocarcinomas of the dorsolateral prostate* can be induced in rats by a

single i.v. injection of N-methyl-N-nitrosourea (MNU), administered after
sequential treatment with cyproterone acetate (CA) and testosterone propionate

(Tp) [2,3]. The pretreatment with cA and TP produces an increase in the 1evel

of DNA slmthesis [4], which i,s probably simifar to what occurs in the castra-

ted rat in response to androgen administration [5]. The rise in in DI\IA s]m-

thesis activity coincides with the MNU treatment. This approach to induction

of prostatic cancer in the rat has been proposed as animal model for the study

of the development of this irnportant human malignancy [2,3], as the resulting
carcinomas have great similarity to human prostatic cancer [6]. However, the

substantial incidence of 30? that was initially found [3], was not reproduced

in subsequent experiments that typically yielded a 5-10% incidence 14,7).

Although this is still a significant finding, in view of the extremely low

spontaneous incidence of prostatic carcinoma in aged rats of the strain used,

i.e., 0.03% [8], an incidence of 10% is too 1ow for a valuable anj.mal mode1.

The experiments described in this report were desigrned to find ways of in-
creasing the prostatic cancer incidence, using previous findings as a starting
point.

First, the time-course of the DNA slmthesis response in the dorsolateral
prostate to treatment with CA and TP was determined. Studies by Trrohimaa and

co-workers [9] indicated that maximal DNA synthesis in the rat ventral pros-

tate probably occurs at a slightly earlier time than that described by Coffey

et al. [5], on whose data our experi.mental protocol was based in previous ex-

periments 13,4,1J. rn the castrated-androgen-treated rat mode1, the exact

timing of the peak of DI'iA slmthesis in the prostate is probably largely deter-
mined by the duration of the ce1] cyc1e, which, in turn, depends on the time

between castration and the start of androgen treatment [9,10,11]. In addi-

tion, the duration of the time between castration and start of androgen treat-
ment deternines the size of the growth fraction, and thus, in part, the mag-

nitude of the DNA synthesis response [9,11]. The extent of this response also

depends on the dose of androgen used [9,10,12). Therefore, in order to maxi-

mize the DI.{A s}mthesis response to TP in our chemically (Ca) castrated rat

*̂  The nomenclature of the various accessory sex glands is according to Jesik
et a]. [1].
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model-, we tested different doses of TP and different doses of CA, and we

measured DNA synthesis at short intervals after daily androgen treatment had

commenced. DHT was also tested, because it is known that CA inhibits the

activity of 5a-reductase [13], and thus the formation of the active androgen

metabolite DHT from testosterone in TP-treated animaLs. Furthermore, there
are reports that DHT is a more potent androgen in the castrated rat than

testosterone [10,14]. The S-phase response was compared in the various acces-

sory sex gland structures in the hope of finding an explanation for why I,INU

induces carcinomas in the dorsolateral prostate, but not in the other acces-

sory sex glands [3].

Ce1l replication at the time of administration of carcinogens has resulted
in enhancement of the carcinogenic response in several tissues, such as liver
[15], marnmary gland [16], and pancreas [17]. rn fact, stirmrlation of ceIl
proliferation in tissues that normally have a very slow rate of cel1 renewal,

has been shown to transform these into target-tissues for carcinogens that
otherwise would not produce tumors at that site. For example, MNU wi]1 pro-
duce tumors only if the rate of DI'iA synthesis in the target tissue is high as

in (i) the liver after partial hepatectomy [18], (ii) the buccal cavity during
chronic inflammatory stimrli [19], and (iii) in the prostate during androgen

treatment after temporary chemical castration, as we have shown t7l. This
phenomenon is presumably due to mispairing of methylated bases during S-phase,

resulting in fixation of the promutagenic DIiIA lesion [20], unless these methy-

lated DI.IA adducts are repaired before fixation takes place [21]. Thus, MNU

administered at the time of maximal prostatic DltrA synthesis induced by treat-
ment with CA and TP should be a more effective carcinogenic stim:lus for the
prostate than MNU administered at an earlier or later time. Once the DI.{A

synthesis response to CA and TP in the prostate was established and optimized,
the following experimenL was conducted to test this hlpothesis: MNU was

administered at the time of maxirnal Di.{A s}rnthesis, or 12 hours before or after
that time, when DNIA synthesis was about 50% of the peak va1ue. If DNA repair
in the prostate is very efficient, MNU injection at the earfier time point
would possibly result in a lower incidence than injection at the peak of S-

phase activity, as would injection at the later time point due to lack of
fixation of the promrtagenic lesion. Since it is known that ethylated DltrA

adducts are generally more s1ow1y repaired than methylated adducts [22-25], N-

ethyl-N-nitrosourea (ENU) was also tested with injection 12 hours before, and
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at the time of maximal DliA synthesis. In addition, slU is less toxic than MNU

and can be given at a higher dose, and there is a report of E\iU inducing
prostate adenocarcinoma in 7/30 and2/30 rarus treated with a single i.p. dose

of 90 or 180 mglg m.JU, respectively [26].

Thus, in this study the cell proliferation response to sequential treat-
ment with CA and TP was determined, as well as the influence on the induction
of prostatic carcinomas of the time of injection of MNU and EliU in relation to
the time of maximal prostatic DIrIA synthesis. In addition, the emergence of
prostatic lesions vras studied in interim-kil1 groups, to establish thei.r

histogenesis. The development of neoplasms at other sites than the prostate
was also investigated, with special attention for the skin because of earlier
observations indicating androgen effects on skin tumorigenesis [7]. Prelimi-
nary accounts of this work have been reported previously [21,28).

MATERIALS Ai{D METHODS

Animals. Male random-bred Wistar rats (Cpb:WU), obtained from the Central-
rnstitute-Tor the Breeding of Laboratory Animals (CPB-TI{O), Zeist, The Nether-
Iands, were used after at least one week of adaptation. They were housed, 5
to a cage, in stainless-steel, wire-mesh-bottom, suspended cages in a conven-
tional, well-ventilated room, at an ambient tenperature af 23 + L"C, and 50 +
108 relative humidity, lighted from 7 a.m. to 7 p.rn.. The rats had ad libitum
access to an in-houie prepared natural ingredient diet and to tap wateil-EEE
regularly screened for contaminants. The animals were checked twice daily,
and killed when rnoribund.

Chemicals. Clproterone acetate (CA; CAS: 427-51-0; Schering, Berlin,
F.R.E:J-was used as Androcur@ tablets (50 mg CA,ztablet) dispersed in distilled
\"rater. A soLution in oiI of testosterone propionate (TP; CAS: 57-85-2) (50
mg/fr, Neohombreol@ ) was obtained from organon, Oss, The Netherlands. 5cc-
dihydrostestosterone (5ct-androstan-17p-o1-3-one, DHT), obtained from Sigrma,
St. Louis, MO, was dissolved in corn oil at a concentration of 50 mglmI. N-
methyl-N-nitrosourea (MNU; CAS: 684-93-5) and lt-ethy1-N-nitrosurea (EI[U; CAS:
759-73-9) were purchased from Ash Stevens, Detroit, MI, where the compounds
were stored frozen directly after recrystallization; they were transported gn
dry ice from manufacturer to the laboratory, where they were stored at -20"C
until used. Immediately before use, IVINU and EltrU were dissolved in a 0.1M
phosphate-citrate buffer, pH 4.8, and subseguently diluted, L/,4, with a 0.9%
NaCl solution to a final concentration of 10 mglmI. A batch of MNU obtained
from Sigrma, St. Louis, MO wetted with 3% of a 25v" acetic acid solution, was
also kept at -20'C until used for comparisgn with the Ash Slevens MNU in the
Ames' Salnonella m:tagenicity test. ['H]dThd ([methyl-'tt]th]midine, 40-60
cirznunol) was obLained from Amersham, Amersham, Buckinghamshire, England, and
for injection it was diluted with a 0,9? NaCl solution to a concentration of
100 pcilml.
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Determination of DI.IA Slmthesis. Groups of 3-4 rats were treated with CA

rv gaGge-Td-21-Aavs t50-o7-f00-ms,/kg/dal) daity between 8 and 10 a.m.-
Starting on day 22 of the experiment, they received s.c. injections vrith ?P at
a dose of l-00, 10 or 1 ng,A<g/day, or with DHT at a dose of l-00 ng/\g/day,
daily between 9 and 10 a.m. for one to seven days. Incorporation of ["H]dThd
into DI\IA of epithelial cells of the various prostate lobes, i.e., the ventral ,

lateral and dorsal lobes, and in one experiment the seninal vesicles and
coagrurlating gland, was assessed at various time intervals after the start of
androgen lreatment, as indicated in the Results section. For in vivo measure-
ment of tinlarfra incorporation, the animals were injected withl .E-pcilg body
weight ['H]dThd and killed exactly 3 hours later by exsanguination from the
the abdominal aorta while under ether anesthesia. The accessory sex glands
were removed in toto and fixed in a 4? formaldehyde solution. The tips of the
lateral and dorsEl-prostate and a mid-section through the ventral prostate and
the seminal vesicfe/coagulating gland complex were dissected in a standardj.zed
manner. For in vitro measurement of DI\iA slmthesis, a short-term explant
culture system was used. Immediately after killing the animals by decapita-
tion while under ether anesthesia, the accessory sex glands were removed under
semi-sterile conditions, and placed in ige-co1d L15 medium (Flow Labs, Irvine,
Ayrshire, Scotland). Pieces of 1-1.5 mm" of each of the prostate lobes were
quickly prepared; tissue damage was avoided as far as possible. These ex-
plants were placed in 60 run plastic dishes on filter material (GA-4 Metricel,
O.B pm pore-size, Gelman, Ann Arbor, Mr), 7-9 explants/dish. F'our mL medium
(gPMr 1640, Flow Labs, Irvine, Ayrshire, Scotland), containing 1 pci/tlJ
['H]dThd, was inunediately added. The dishes were placed in an incubator
chamber (Be11co, vineland, NJ), which was ffushed with a 53 Cor-air mixture
for 3 ^minutes, and then placed on a rocking platform (10 cycle3/min; BeIIco)
in a 37'C incubator. After exactly 3 hours, the dishes were washed 3 times
with medium and a 4t formaldehyde solution was then added for fixation of the
explants. The tissue pieces and explants were processed to, and embedded in,
methyl methacrylate, and 2 rnethick sections of each block were prepared at at
least 3 1eve1s, about 30-40 1lm apart. The resulting slides were dipped in
IIlts-2 erm.rlsion (Eastman Kodak, Rochester, NY) and exposed fot 2-3 weeks before
developing in D19 (Eastman Kodak). Per animal, 1,000 epithelial cells \^lere

cor.rnted in each tissue, and the percentage labeled cel1s (> 5 grains/nucleus),
labeling index (LI), was determined as measure of S-phase activity.

Tumor Induction Study. Details of the experimental protocol are included
in raEGE r-rrr-End-in-Fig. 5. At 8 weeks of d9€, the rats were randomly
divided into groups of 20-30 animals each. el1 rats received a 2L day-long
daily treatment with CA by gavage, 50 mq/kg/day, followed by two or three
daily s.c. injections of TP, 100 mg/kg/day, starting on day 22 of the experi-
ment (see below). These CA and TP doses were selected on the basis of the
results of the cel1 proliferation studies. Groups L, 4 and 5 received two TP
injections on days 22 and 23, and groups 2, 3, 6 and 7 received three TP

injections on days 22, 23, and 24; these groups consisted of 30 rats each.
Three groups of 20 rats for interim-kilI observations received three TP injec-
tions. Within one hour after preparation of the solution, MNU or E{U was
injected i.v. into the tail vein, while the rats were under light ether anes-
thesia. The tine of carcinogen injection was based on the results of the ce1l
proliferat,ion studies, and was as follows (see also Fig. 5): 48-50 hours
after the first TP injection (9-11 a.m., third day of TP treatment) in groups
1-, 4 and 5; 60-63 hours after the first te injection (9 p.m.-midnight, third
day of TP treatment) in groups 2 and 6, and in the three interim-ki1I groups;
72-73 hours after the first TP injection (9-11 a.m., fourth day of TP treat-
ment) in group 3. The MNU dose was 60 ng/kg, which was s1i9ht1y higher than
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used in previous experiments (50 ngl<g) 13,4,11, because the latter dose
resulted in a 1ow incidence of prostatic carcinomas, whereas survival was
reasonably long, i.e., 60-62 weeks. Etr{U was given at a dose of 120 mg/kg,
which was selected on the basis of the reported LDqn of 240 ng^S 1291, and of
a small pilot experiment that showed that 150 mgTk!"was the approximate LD"^
(M.C. Bosland and M.K. Prinsen, unpublished data). Group 4 received a secofid
and third cycle of treatment with CA, TP and MNU, with 2 week intervals be-
tween MNU injection and the start of the next treatment cycle with CA, TP, and
MNU; the MNU dose in this group was 50 ng/kg for the first and second cycIe,
and 40 

^g$g 
for the Lhird, to avoid high early mortality. Group 7 did not

receive carcinogen treatment, and served as control. Paral1e1 groups of 4

rats each received exaqtly the same CA and TP treatments as groups 1-3, and
they were injected with ["H]dThd for measurement of S-phase activity as de-
scribed in the previous paragraph at times indicated in Fig. 5. Shortly
before carcinogen treatment, the animaLs were transferred to a carcinogen-
contaj.nment area in the same animal facility, and housed, 5 to a cage, in
disposable solid bottom plastic cages with filter top (Scanbur, Koge, Den-
mark), containing sterilized saw-dust bedding. lwo weeks after the carcinogen
treatment, the animals were returned to their customary housing. Safety
measures taken during and after carcinogen exposure to protect workers and to
prevent contamination of the environrnent have been described earlier I3].
Survivors in the three interin-kilI groups were killed 24, 35 or 48 weeks
after carcinogen injection. The entire experiment was terminated 59 weeks
after the first carcinogen treatment.

Pathology. The animals in the tumor induction study were ki11ed by exsan-
guination by severing the abdominal aorta, while the rats were under deep
ether anesthesia. Each animal was subjected to a complete autopsy, and all
gross changes were recorded. The following tissues were preserved in a 48
aqJueous, neutral, phosphate buffered formaldehyde solution: accessory sex
gland (dorsolateral and ventral prostate 1obes, ampullary glands, coagnrlating
glands and seminal vesicles) and urinary bladder in toto, pituitary, thyroids
+ parathyroids, adrenals, 1ungs, liver, spleen, and all tumor-like gross
lesions. Tissues were embedded in a paraffin wax, and 5 pn sections were
prepared and stained with hematoxilin and eosin (H & E). Sections of pitui-
tary, thyroj.ds and adrenals were made at 3 Ievels, Accessory sex glands were
dissected after fixation as previously described [3,30], and L2 step sections
at 250-300 prn intervals hrere made of each structure. A11 tissues were ex-
amined by the same pathologist (tl.C.B. ). Lesions of the accessory sex glands
were classified as described previously [3,6]. T\rmors of the skin and its
appendages were diagnosed according to the human WHO classification [3].1 and
to zackheim [32]. To assist in the diagnosis of sarcomas, inum.rnohistochemical
reactions were carried out on formaldehyde-fixed sections for vimentin, des-
min, 5-100, neuron-specific enolase, and gIyco1 fibrillary acidic protein.
Sarcomas that were negative for these narkers, except for vimentin, were
classified either as histiocytic sarcomas, malignant fibrous histiorytomas or
hemangiosarcomas on the basis of their H & E-stained appearance, or as undif-
ferentiated sarconasi the latter category largely consisted of tumors with a
distinct herring-bone grow.th pattern that probably were non-coIlagen-producing
fibrosarcomas. Renal mesenchlmal tumors and subendocardial sarcomas were
distinguished on the basis of their location, in addition to their morphology.

Anes' Test. The mutagenic potential of the two batches of MNU (see
ChemfiaTs) were examj.ned in the Ames' test with s. flphirmrrium TA1535 and
Ta100 as indicator strains, using the plate incorporation procedure described
by Maron and ames [33]. MNU solutions in buffer, pH 4.8 (see Chemicals) were
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diluted immediately before use, and were kept at 0-4oC during the test. The
dose level-s of MNU were selected on the basis of a report by Lee et aI. [34].

Statistical Analysis. Differences in survival were analysed using
student's t-Gst.----Eifferences in incidence of neoplastic and noi-neoplasti6
lesions were evaluated with the Fisher Exact Test. Differences were con-
sidered significant at the 95% level (one- or two-sided, where appropriate).
Borderrine significance (0.1 > p > 0.05) j.s also indicated in the results.

RESULTS

DNA slmthesis Experiments. The labeLing index (Lr) was virtually zero at
the time of the first TP injection. In control animals the LI varied between

0.5 and 1.5%. when s-phase activity was assessed at 24 hour intervals, the Lr
started to increase at the time of the second TP treatment, it then reached a

maximum at the lime of the fourth TP injection, and decreased thereafter (Fig.
1). There was no significant di.fference between dorsal, lateraL and ventral
prostate in the S-phase activity response to treatment with C3, and Tp, both
for the in vitro measurement (data not shown) and the in vivo measurement
(rig. 2).

lihen S-phase activity was determined in vitro at B hour intervals on the
third and fourth day of TP treatment, and at 24 hour intervars on the first,
second and fifth day, two distinct Lr waves were observed (rig. 3). rn the
dorsal lobe, the first LI maxim:m was approximately 1-0?, and it hras reached
between 5 p.m. on the third day and L a.m. on the fourth day, i.e., between 56

and 64 hours after the first rp injection. The second Lr maximum was lower
(78), and it was reached at 5 p.m. on the fourth day, i.e., BB hours after the
first TP j.njection. The response in the ventral and lateral lobes was similar
to that of the dorsal 1obe, both in time-course and in magnitude (data not
shown) .

The Lr maxim.m was dependent on the Tp dose. rn the dorsal prostate, the
LI maxirm:m increased from 4% at a Tp dose of L ng/kg/day lo 6% and j% at a

dose of l-0 and 100 ng/kg/day, respectively (Fig. 1). There was no difference
between the three prostate Lobes for this dose-response pattern (data not
shown). rncreasing the dose of cA pretreatment from 50 to 100 ngTkg/day did
figrre not significantly influence the s-phase response to subsequent rp
treatment (l-00 ng/kg/day) in the dorsal prostate (Fig. 3) or the ventral and
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lateral lobes (data not shown). The S-phase response to DHT adrninistration

after CA pretreatment was sirnilar in time-course to the response to TP (both

androgens at a dose of 100 ng^gl, and the magnitude of the response was

comparable to slightly lower in the dorsal- prostate (Fig. 4) and ventral and

Lateral lobes (data not shown).

The in vivo measured LI response in the accessory sex glands to TP

administration after CA pretreatment in the paraIle1 groups of the tumor

induction experiment is depicted in fig. 5. The intervals were the sane as

those for the in vitro experiments diplayed in Figs. 3 and 4 (see above), and

in addition there was a time point at 9 p.m. of the third day of TP treatment

(60 hours after the first TP injection), but there were no fourth day 5 p.m.

and fifth day 1- a.m. time points. The time-course and magnitude of the

response in the three prostate lobes was essentially simi.lar. The response
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was also largely similar to that of the earlier in vitro experiments (r'igs. 3

and 4). This is in accordance with observations of Coffey et aI. [5], which
indicates that our in vitro measurements were a valid substitute for in vivo
determj.nations. Although the first maximum was not reached until 1 a.m. of
the fourth day, it was comparable in nagnitude, i.e., about 10?. A second LI
wave was not detectable, because of the lack of time points on the fifth day.

There was one LI wave in the coagulating g1and. Its maximum was higher than
that in the prostate 1obes, i.e., approximately ts?, and it was reached

earlier, at 5 p.m. of the third day of TP treatment (56 hours after the first
TP injection). In the seminal vesicle, two LI waves were observed. The

maximum of the first vrave was the highest, i.e., 202, and was reached at 9

a.m. of the third day of TP treatment (48 hours after the first Tp injection).
The second Lr naximm was about 1-7?, and it occurred at 1 a.m. of the fourth
day of TP treaUnent (64 hours after the first rP injecti.on).
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Fig. 5. Labeling index in the dorsal (O), lateral (O), and ventral
prostate ( A ), and in the coagn-rlating gland ( I ) and seminal vesicle
([) from rats treatedwith CA (50 ng/kg/dayl by gavage for 2L days,
followed by daily s.c. injectionq with TP (t) at dose of 100
ng/kg/dayi in vivo exposure to ['H]dThd for 3 hours. At the top is
indicated with laige arrows at which times MNU or ENU were injected in
the tumor induction experiment; the figures above each arrow indicate
the group number (see also Table I). Values are means of 4 animal-s.
The SEM's were as follows: dorsal prostate: range 0.3-L.2, peak + 0.6;
lateral prostate: range 0.3-1.2, peak ! 1.2; ventral prostate: range
0.2-7.3, peak J 0.9; coagulating gland: range 0.5-0.9, peak + 0.8;
seminal vesicles: range 0.1-2.2, peaks + 1.9 and 2.2.

Study. Average survival was conparable in the groups that
received a single injection with MNU (Tab1e r), i.e., 36 weeks. The group

that was given three cycles of CA, TP and MNU treatment (group 4) had a

shorter mean survival, whereas the E}JU-treated group survived longer. For

presentation of the interim sacrifice results, all animals injected once with
MNU 60-63 hours after the first TP lnjection that died in each of the four
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TABLE I. Survival and incidences of neoplasti.c and preneoplastic

lesions in the dorsolateral prostate

Group Treatment

Time of
carci.nogen
injection

(hrs. after
start TP)

Effective
number of
Animals

Survival
(weeks

after MNU

t sEM)

1

2

3

4

5

6

7

CA+TP+MNU

CA+TP+MNU

CA+TP+MNU

CA+TP+MI.iU
3 treatment cycles

CA+TP+BiU

CA+TP+EI.IU

CA+TP (control)

30

29

21

26

28

)o

30

36y24

35124

36+24

25 + 1a'd

47 + 2a'f

45 + 3a'f

59t1

4B-50

60-63

l2- l4

60-63

4B-50

60-63

Interim sacrifices - CA+TP+MNU (at 60-63 hrs. after start TP)

Sacrifice period

17-24 weeks

25-36 weeks

37-48 weeks

>48 weeks

ZV

36

L9

4

BB

t1-24

25-36

37-48

>48

Total:

P < 0.02 for difference with group 7 (Fisher exact test, one-sided).
P < 0.0001 for difference with groups 1-3 (t-test, two-sided).
P < 0.05 for difference with group 7 (Fisher exact test, one-sided).
P < 0.02 for difference with groups 1-3 (t-test, two-sided).
P = 0.0425 for t5end of increasing incidence with increasing time after MNU

injection (Nxx X--test, one-sided).

P < 0.0001 for difference with group 7 (t-test, one-sided).
Some tissue could not be examined for non-neoplastic changes due to
autolysis.

a
b

c
d
e
f
I
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TABLE I - Continued

Number (?) of animals with
dorsoLateraI prostate

Group
Carcinoma
(in situ) Sarcoma

Atypical.
hyperplasia

1

2

3

4

5

6

1

3 (10)

2 (1t

0

2 (8)

1 (4)

0

0

3 (10)

1 (3)

2 (7)

2 (B)

0

0

0

5/24

2/23

2/22

4/25

5/27

3/23

0/30

(27)

(13 )

(g)

brc

(16)"

(19)c

(13 )

Interim sacrifices - CA+TP+MNU (at 60-63 hrs. after start TP)

Period

17-24

25-36

37-48

>48

weeks

weeks

weeks

weeks

Total:

1(3)

2 (6)

1 (s)

t (25t

s (6)

0

1 (3)

0

0

1 (1)

4/26 (L5)s

4/32 (1"'3ls

5/t1 (241s

2/2 (L00)9

1-5/17 (20)g

periods indicated in Table I were included; thus the animals of group 2

(effectively 29)' were combined with the animals of the interim kiI1 groups

(effectively 59) to a total number of animals of BB (see Table r).

rncidences of dorsolateral prostate lesions are given in Tab1e I.
Adenocarcinomas (including carcinomas j-n situ) and atypical hlperplasias
occurred slightly more frequently in animals injected with MNU during maxim:m
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TABLE II. Incidences of neoplastic and preneoplastic lesions in
accessory sex glands other than the dorsolateral prostate

Nurnber (%) of animals with:

Group Treatment

Time of
carcinogen
injection

(hrs after
start TP)

Ventral
prostate Seminal vesicle

Atypical
hyperplasia Carcinoma Sarcoma

]. CA+TP+MNU

2 CA+TP+MMJ

3 CA+TP+}D{U

4 CA+TP+IOiU
3 treatment cycles

5 CA+TP+Mru

6 CA+TP+BVU

7 CA+TP (Control)

4B-50

60-63

12-7 4

60-63

4B-50

60-63

4/28

1/24

0/23

2/25

6/21

1 /23

0/30

orb(14 )

(4)

(8)

Q2)c

(:o)f,9

L/30 (3)

0/29

0/2"7

1,/26 (4)

0/28

L/23 (4)

0/30

0/30

L/29 l3l

0/27

0/26

2/28 (7)

0/23

0/30

Interim sacrifices - CA+TP+I,INU (at 60-63 hrs, after start TP)

Sacrifice period

17-24 weeks

25-36 weeks

37-48 weeks

>48 weeks

Total:

2/21

4/32

4/11

0/3

70/19

(7)

(13 )

(24)

(13 )

1,/29 (31

1,/36 (31

0/L9

0/4

2/88 (2)

0/29

0/36

0/19

t/4 (25)

1,/88 (t)
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fl so*" tissues were too autolysed to be examined for non-neoplastic changes.
I e < 0.05 for difference with group 7 (one-sided).
i t . 0.01 for difference with group 7 (one-sided).
: P < 0.0001 for difference with group 7 (one-sided).
? , . O.OOOL for difference with !.oup f (two-sided).
; P < 0.0001 for difference with group 2 (two-sided).
; P < 0.0005 for difference with group 7 (one-sided).
" P < 0.0L for difference with group 2 (two-sided).



TABLE II - Conlinued

Number (%) of animals with:

Seminal
vesicle Coagulating gland

Ampullary
gland

Group
Atypical

hyperplasia Carcinoma Sarcoma
Atypical

hyperplasia
Atypical

hyperplasia

1

2

3

4

5

6

1

2/25

2/23

0/22

5/24

5,/27

1,/23

0/30

(B)

(e)

t/30

0/29

0/21

2/26

3/28

1,/23

0/30

(3) 0/30

0/29

0/2L

0/26

0/28

0/23

0/30

0/25

0/23

0/21

2/24

76/27

1,2/23

0/30

0/25

t/23

0/22

(B) 2/26

( 59 1d' t4/27

(52 )d' 
f g/23

0/30

(4)

(21)b

(19)b

(4)

(B)

( 11)

( A\

(B)

(52)d',e

(3s19'h

Interim Sacrifices - CA+TP+MNU (at 60-63 hrs, after start Tp)

Period
TweEIE I
1,7-24

25-36

37-48

>48

Total:

5/27

4/32

2/17

0/2

11,/78

(1e)

(19 )

(72)

b 0/29

0/36

0Ae

0/4

0/88

1,/29 (3)

0/36

1,/1,9 (6)

0/4

2/BB (2)

0/27

0/32

0/1,1

0/2

0/18

4/21

2/32

0/L1

0/2

6/18

(1s )

(6)

k

(14 ) (B)

S-phase activity (group 2; see Fig. 5), and particularly i.n animals injected
12 hours before maximrm LI (group 1), than in rats injected 12 hours after
maximrm LI (group 3). The incidence of these lesions was similar in the group

that received three rycIes of treatment with CA, Tp and lo{U (group 4) to that
in the group that was given a single MNU injection at the same time after the
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TABLE III-A. Incidences of neoplasms at sites other than the accessory sex

glands

Number (B) of aninrals with:

Skin tumors

Group Treatment

Time of
carcinogeE

alnlect.lon

Effective
number

of animals
Generalized

Iymphoma
Malig-
nant Benign

]. CA+TP+MNU

2 CA+TP+I,OtrLI

3 CA+TP+MNU

4 CA+TP+MNU
3 treatrnent cycles

5 CA+TP+MfiJ

6 CA+TP+ENU

7 CA+TP (control)

30

29

)1

26

29

28

30

2 (7t

6(2LIC

4 (15)c

l, (4)

2 (7)

ok

0

3 (10)

0

9 (33)'

2 (B)

l, (3)

0

0

4B-50

60-63

12-7 4

60-63

48-50

60-63

12 (ao)b

11 ( 38)b

t o (37 )b

6 (23 )'
e (31)j

5 (18)c

0

Interim Sacrifices - CA+TP+MNU (at 60-63 hrs. after start TP)

Sacrifice period

l-7-24 weeks

25-36 weeks

37-48 weeks

>48 weeks

30

36

L9

4

B9

7 (23t

11 (31)

5 (26t

1 (25)

24 Ql lt

2 (7)

0

4 (2L)

1 (2s)

7 (8)

1 (3)

1 (3)

3 (16)

0

5 (6)Total:

3 gotr.= after start of TP treatment.
! p < O.OOO2 for difference with group 7 (one-sided).
! p < O.OS for difference with group I (one-sided).
o p < 0.0001 for difference with group 7 (one-sided); P < 0.05 for difference

with group 1 (two-sided); 0.1 > P > 0.05 for difference with group 2 (two-
sided) .

" p < O.OOf for difference with group 7 (one-sided); P < 0.002 for difference
with group 2 (two-sided); 0.1 > P > 0.05 for difference with group L (two-

. sided).
' P < 0.01 for difference with group 7 (one-sided).
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TABLE III_A - Continued

Number (?) of animals with:

Skin T\mors Stomach

Diag-

Zymbal Gland
( sebaceous )

squarnous
ceI1 carcinomas

Squamous Sguanous cell
papilloma carcinonaGroup Total noses Total

1

2

3

4

5

6

7

5 (17 )c

6 (21, )c

13 (as)d

3 (12)9

3 (10)

ok

0

(i)In

(ii )

(iii)

(iv)

(v)

6 (20 )c

2 (1)

5(19)c

l-4 (54 )h

2 (7)

3 (11)

0

0

1 (3)

2 (7\

10 ( 38 )b',i

0

2 (1t

n

1 (3)

1 (3)

0

1 (4)

0

1 (4)

0

1 (3)

2 (7)

2 ('t)

11 (42 )b'i

0

2 (1)

0

Interim Sacrifices - CA+TP+MNU (at 60-63 hrs. after start TP)

Period-(weeEE)

t7-24 3

25-36 1

37-48 7

>48 1

Total: 12

(10)

(3)

(37 )

(25 )

(13)s

(iv)

(vii )

(viii )

(ix)

2 (7)

12 (33)

0

1 (2s)

15 (17)c

1 (3)

tl

1 (s)

1 (25)

3 (3)

0

0

0

1 (2s)

1 (1)

1 (3)

0

1 (s)

2 (s0)

4 (4t

fl O.f , P > O.O5 for difference with group 7 (one-sided).
" P < 0.0001 for difference with group 7 (one-sided); P < 0.0003 for
i
j
k
1

m

difference with group 2 (two-sided).
P<0
P<0
P<0
P<0

05 for difference with group 2 (two-sided).
001 for difference with group 7 (one-sided)
05 for difference with group 2 (two-sided).
005 for difference with group 7 (one-sided)
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first TP administration (group 2). Sarcomas were found in equal frequency in
all four groups. In the groups injected with mtrU during maxinnrm S-phase

labeling in the dorsolateral prostate (group 6) or t2 hours earfier (group 5),

a similar tendency was apparent, but no sarcomas were present in these groups.

The incidences of tumors and at)pical hyperplasia of the dorsolateral prostate
were low, and the differences in incidence described above did not reach

statistical significance. However, in comparison with the control group

(group 7), the incidence of atypical hyperplasia of the dorsofateral prostate

was significantly increased in group 1 (MNU injection at 48-50 hours after
first TP treatment), as was the incidence of carcinoma and hlperplasia
combined (p < 0.005; one-sided), i.e. , 7/30 (tota1 number of effective
animals) and 7/24 (animals with non-autolytic prostates). The incidence of
carcinoma and hyperplasia cornbined was also significantly increased (P < 0.05;

one-sided) in comparison with controls in group 2 (MNU at 60-63 hours after
start TP treatment), i.e. , 4/29 (tota1) or 4/23 (non-autolytic). rn animals

treated with ENU 48-50 hours after first tP injection (group 5), atlpical
hyperplasia incidence was significantly higher than in controls, as vras the

combined carcinoma + hyperplasia incidence (P ( 0.01"; one-sided), i.e., 6,t27

(tota]) or 6/26 (non-autolytic). Dorsolateral carcinomas occurred in all
interim sacrifice periods with comparabfe frequency. The occurrence of
atlpical hlperplasia of the dorsolateral prostate, on the other hand,

increased sigrnificantly with increasing survival. No tumors or atypical
hyperplasia occurred in the controL group (group 7).

The incidence of neoplastic and hyperplastic lesions of accessory sex

glands other than the dorsofateral prostate are detailed in Table II. Atypi-
ca1 hyperplasia of the ventral prostate was significantly more frequent in the

Footnote'Tubl" rrr-A (previous page): Skin tumor diagnosis by group:
@oma, 2 sqJLlamous papillomas, 1- baso-sguamous carcinolllEl,
l- basal cel1 carcinoma; (ii) - 3 baso-squanous carcinomas, 2 basal ceI1 car-
cinomas, L sebaceous-squanous ceII carcinoma; (iii) - 5 sguanous papillomas,
4 sebaceous adenomas, 1- baso-sguamous carcinoma, 1 basal cell carcinoma,
2 sguamous cell carcinomasi (iv) - 2 sgualnous papillomas, 1 baso-sguanous
carcinomai (v) - 1 eccrine aspiroma, 1 basal cell carcinoma, 1 squamous cell
carcinoma; (vi) - 1 keratoacanthora, 1 baso-sguamous carcinoma, 1 sguamous
cell carcinoma; (vii) - 1 pilonatrixoma; (viii) - 1 piloratrixoma, 2 squamous
papilJ.omas, 2 basal cell carcinomas, 1 baso-sguamous carcinoma, 1 sebaceous-
squanous ce1I carcinoma; (x) - 1- baso-sguamous carcinoma.
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H{U-treated groups and in the group that received MNU injection 48-50 hours

after the first TP treatment (group l") than in the control group (group 7).
the incidence of this lesion was higher in the m'{U-treated groups than in the

groups injected with MNU. This difference was significant for aninals that
received carci.nogen treatment 60-63 hours after the first TP injection (groups

2 and 6). The incidence of ventraf prostatic atypical hyperplasia was simiLar

i,n the group that received three cycles of treatment with CA, TP and MNU

(group 4) and the other MNU-treated groups. The incidence of this lesion

tended to increase with increasing survival-. Adenocarcinomas and atypical
hyperplasia of the seminal vesicle and adenocarcinomas of the coagulating
gland occurred at low incidence in groups that received MNU treatment 48-50

and 60-63 hours after the first TP j.njection, but. not in animals that were

injected with MNU 72-74 hours after the first TP administration (group 3) or

in the control group (group 1l,. sarcomas of the seminal vesicle and

coagulating gland were very infrequent in MNU-treated rats. E{U induced a few

adenocarcinomas and sarcomas of the seminal vesicle and it caused

significantly more at14:ica1 hyperplasias than occurred in the control group in
group 5. A high incidence of atypical hyperplasia and a few adenocarcinomas

were induced in the coagulating gland by EilU, parti.cularly when injected 48-50

hours after the first TP administration (group 5). B{U also specifical-Iy
induced focal hyperplastic lesions in the ampullary g1and. No ampullary gland

neoplasms were detected.

The coagulating gland lesions were characterized by a focal change from

cuboidal, slightly eosinophilic, normal coagulating gland epithelium with
round, pa1e, centrally located nuclei to epithelium reminiscent of seminal

vesicle epithelium -- smaIler, columnar, slightly basophilic ce1ls with dark,

basally located, oval nuclei (Fig. 6) -- that contained areas with cel1u1ar

atypia: loss of normal polarity, increased nuclear size, slight nuclear
pleomorphism (FiS. 1). Occasionally, the lesion entirely consisted of
atypical cel1s (EiS. B). These changes were often rmrltifocal in occurrence

(Fig. 9), and tended to fill up acinar lumina (r'igs. 9 and 10). Some

coagulating gland adenocarcinomas were connected with areas of atypical
hyperplasia, whereas others vrere not. The focal hlperplasia of the anpullary
gland consisted of sma1l cuboidal to columnar ce1ls with smalL, dark nuclei

that crowded along the acinar lining resulting in marked epithelial infolding
(Fig. 11). Cellular atypia was very infreguent in these hlperplastic foci.
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Fig. 6. Seminal vesicle-
like hyperplasia in the
coagulating gland of an
EXrlU-treated rat. Note :

the normal coagulating
gland at the left hand.
H & E, x1l-0.

Fig. 7. Hyperplasia of
the coagulating gland
with areas of cellular
atypia ( j,ndicated with
arrows)in BiU-treated
rat. Transition of
hyperplastic epithelium
into normal- epithelium is
visible at the left hand.
H & E, x175.

rig. B. Area of atypical
hyperplasia in the
coagulating gland of an
ENU-treated rat. The
hyperplastic ce1ls have
filled part of the Iumen,
growing in a cribriform
fashion.H&8,x110.
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Fig. 9. The coagulating
gland of an BiU-treated
rat. There are nurltiple
foci of hlperplasia
(arrows), some of wtrich
tend to fill-up the
glandular1umen.H&8,
x10.

Fi9.10
in the

. Hyperplasia
coagrulating

gland of an ENU-treated
rat. Clearly visible
is the transition from
normal to hlperplastic
epithelium.H&8,x40.

Fig. 11. Hyperplasia of
the ampullary gland of an
ENU-treated rat. Note:
normal epithelium at the
top and upper right hand.
H & E, xLLo.
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TABLE III-8. Incidences of neoplasms at sites other than the accessory

sex glands

Number (%) of animals with

Sarcomas

Group Treatment

Time of
carcinoqen
lnlecElon

Effective
number of
animals

Subcu-
taneous Total Diagrnoses

1

2

3

4

5

6

7

CA+TP+MNU 48-50

CA+TP+MNU 60-63

CA+TP+MNU 72-14

CA+TP+MNU 60-63
3 treatment cycles

CA+TP+m{U 48-50

CA+TP+ENU 60-63

CA+TP

30

29

21

26

29

28

30

2 (1)

8 123 1f ',9

3 (11)

6 Q3)c

2 (1t

3 (11)

0

7 Q3)c

12 (4L)h

B Qg)g

6 (23)c

6 (21)d

6 Q1,)c

0

(1)m

(2)

(3)

(4)

(5)

(6)

Interim sacrifices - CA+TP+MNU (at 60-63 hrs. after start TP)

Sacrifice period

L7-24 weeks

25-36 weeks

37-48 weeks

>48 weeks

30

36

1,9

4

B9

3 (10)

B (22)

4 (21)

0

15 (lz)d

4 (t-3)

e (25t

72 (63)

1 (2s)

26 Qg)e

(7)

(8)

(e)

(10)

Total:

a
b

c
d
e
f.

9

Hours after start TP treatment.
Nunber of anirnals of which non-autolytic tissue was available for
microscopic evaluation.
P<0
P<0
P<0
0.1 >

P<0

01 for differenee with group 7 (one-sided).
05 for difference with group 7 (one-sided).
005 for difference with group 7 (one-sided).
P > 0.05 for difference with group 1 (two-sided)
002 for difference with group 7 (one-sided).
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TABLE III-B - Continued

Number (%) of animals with:

Thyroid Gland

Follicu1ar CeIl Light Ce1l Solid

hGroup N" Adenoma Carcinoma Total Adenoma Carcinoma Total
Other
tumors

l_

a

3

4

5

6

7

29

29

26

25

26

2B

30

6 (21 )d

0i

2 (8)

0

6 (23 )c

1 (4)

0

1 (3)

1 (3)

1 (4)

0

1 (3)

1 (4)

0

7 (23)"

1 (3)r

3 (11)j

0

1 (24t"

2 (7)k

0

2 (7)

1 (3)

0

0

4 (14 )d

6 (21)c

2 (7)

0

0

0

0

1 (3)

2 (7)

0

2 t7)

1 (3)

0

0

s (17)d

(a )n

(b)

(c)

(d)

(e)

e (zg)9'1 (t)

2 (1) (s)

Interim sacrifices - CA+TP+MNU (at 60-63 hrs. after start TP)

Period-(weelEl

t7-24

25-35

37-48

>48

Total:

30

36

19

4

B9

0

1 (3)

0

0

r. (1)

0

0

1 (5)

1 (2s)

2 (2t

0

1 (3)

1 (5)

1 (25)

3 (3)

n

1 (3)

0

n

1 (1)

0 0

1 (3)

0

0

1 (1)

(h)

(i)

(j)

(k)

0

0

0

0

h
i
j
k
I
m

P < 0.0001 for difference with group 7 (one-sided).
P < 0.05 for difference with group 1 (two-sided).
0.1 > P > 0.05 for difference with group 7 (one-sided).
0.1 > P > 0.05 for difference with group 2 (two-sided).

-P < 0.05 for difference with group 2 (two-sided).n see next page.
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The inci,dences of tumors at sites other than the accessory sex glands are

presented in Tables III-A and -8. The frequency of occurrence of tumors skin
and its appendages was siginificantly higher in group 3, that received a single
MNU injection 72-"14 hours after the first TP injection, than in any of the

other groups. This was due to the particularly high incidence of benign skin
tumors in this group. MNu-induced skin tumors occurred predominantly in rats
that died more than 36 weeks after carcinogen injection. Very few ski"n tumors

were found in mtrU-treated animals. Sarcomas, particularl-y subcutaneous sarco-

Footnotes Table III-B (previous page) - Continued:
m

1
Sarcona : (1) - 2 subcutis undifferentiated sarcomas,

rentiated sarcorna, 4 kidney mesenchymal tumors;
(2) - 4 subcutis undifferentiated sarcomas, 2 subcutis maliginant fibrous
histiocytomas, 1 subcutis rhaMomyosarcoma, l- subcutis neurofibrosarcona, l-

pelvic neurofibrosarcoma, 3 kidney mesenchlzmal tumors; (3) - 2 subcutis undif-
ferentiated sarcomas, 1 subcutis histiocytic sarcoma, 1 mediastinun neuro-
fibrosarcona, 1" thoracj.c hernangiosarcoma, 3 kidney mesenchlmal tumors;
(4) - 4 subcutis undifferentiated sarcomas, 2 subcutis histiocytic sarcomasi
(5) - L subcutis undifferentiated sarcona, 1 subcutis neurofibrosarcoma. 1

kidney histiocytic sarcorna, 1 abdominal cavity neurofibrosarcoma, 1 thoracic
neurofibrosarcomai (6) - 1 subcutis undifferentiated sarcoma, 1 subcutis ma-
ligrnant fibrous histiocytoma, L subcutis neurofibrosarcorna, 1 abdominal cavity
leiomyosarcoma,- L subnandibular salivary gland histiorytic sarcona, 1 spleen
hemangioma; (7) - 1 subcutis undifferentiated sarcoma, 2 subcutis histiocytic
sarcomas, 1 spleen histiocytic sarcoma; (B) - 4 subcutis undifferentiated
sarcomas, 3 subcutis malignant fibrous histiocytomas, 1 subcutis neurofibro-
sarcona, 1 subendocardial sarcoma; (9) - 3 subcutis undifferentiated sarcomas,
L subcutis rhabdomyosarcoma, L pelvic neurofibrosarcoma, L mediastinum his-
tiocytic sarcoma, L thoracic neurofibrosarcoma, 1- spleen histiocytic sarcoma,
1 subendocardial sarcoma, 3 kidney mesenchlrmal tumors; (10) - 1 kidney
mesenchvmal tumor.n othei tumors by group: (a) - 4 pituitary solid adenomas, 1 kidney tubular
adenoma, 1 adrenal cortical adenoma, 1 jaw odonto-amefoblastoma, 1 lung al-
veologenic adenoma, 1 small intestine adenomatous polyp; (b) - 3 pituitary
solid adenomas, 2 pituitary henorrhagic adenomas; (cl - 2 pituitary solid
adenomas, 2 pituitary hemorrhagic adenomas, 1 kidney transitionaL cell car-
cinoma, 1 kidney tubular adenoma, 1- jaw odontoma, 1 pancreas exocrine adenoma,
L subcutis fibroma, 1 manunary adenosquamous carcinoma; (d) - 1 kidney tubular
adenocarcinoma, 1 kidney transitional cell papilloma, 2 smal1 intestine adeno-
carcinomas, 1 narunary adenosguamous carcinoma, 1 tongiue squamous papilloma, 1

brain malignant glioma, 1 brain granular cel1 myobJ.astomai 1 palate squamous
cell carcinoma, 1 preputial gland sguamous cell carcinoma; (e) - 4 pituitary
solid adenomas, 2 jaw odonto-ameloblastomas, 7 subcutis fibromas, 2 brain
malignant gliomas, 1 Leydig ce11 tumor; (f) - 6 pituitary hemorrhagic adeno-
mas, 1" kidney tubular adenoma, 1 adrenal pheochromocytoma, 2 subcutis fibro-
mas, L tonglre squanous papilloma, 1 mesenterial lymph node hemangioma; (g) -
no other tumors detected; (h) - 1- jaw odontomai (i) - 1 pituitary hemorrhagic
adenoma, 1 tongrue squamous papilloma; (j) - f- pituitary hemorrhagic adenoma, 1
pituitary solid adenoma, 1 kidney tubular adenocarcinoma, 1- adrenal heman-
giona, J. jaw odonto-aneloblastoma; (k) - 2 pituitary solid adenomas, 1 pitui-
tary hemorrhagic adenoma, J- jaw odontoma.
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sarcomas, tended to be more frequent in the group that received a single MNU

injection 60-63 hours after the first TP treatment (group 2) than in other
groups that were given a single MNU or SIU injection. There was no difference
in the occurrence of sarcomas of any type between MNU- and ilitrU-treated ani-
mals. Thyroi,d light ce1I solid adenomas and carcinomas were more freguent in
EltrU-treated rats than in MNU-treated animals. Follicular ceII tumors of the
thyroid tended to be less frequent in animals injected with MNU or ilitrU at 60-
63 hours after the first TP administration than in rats treated wi,th car-
cinogen at 48-50 hours. Treatment with three cycles of CA, TP and MNU resul-
ted in a high incidence of carcinomas of the earductlymbal gland and of
benign tumors of the forestomach (squamous papillomas). The time of car-
cinogen injection did not influence the occurrence of tumors of the fore-
stomach or earducL/Zymbal gland, and there was no difference in the frequency
of these neoplasms between MNU- and ED,Iu-treated rats. There were no statisti-
ca1 significant differences in incidence of lymphomas between any of the car-
cinogen-treated groups. Lymphomas were predominantly found in animals that
died between 25 and 36 weeks after MNU injection. There were no differences
in the incidence of less frequently occurring trnnors (see Tabl-e III-8, foot-
note n).

IABLE IV. Mutagenicity of MNU obtained from two different
comnercial sources in the Ames, test

Revertants per plate

S tlphimrrium strain rA1535 TAlOO

Background

lo,tU - Sig*u2

MNU - Ash Stevens2

511

64

617

185

239

947

] *"un" of two plates.
' In[.tu dose: 1.13 pg/plate .
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Ames' Test. MNU

frozen was 4-fold
(with preincubation)

conditions of the

transportation were

marginally rmrtagenic

purchased from Ash Stevens that \{as continually stored
(TA100) to 10-fo1d (TA1535) more potent in the Ames' test
than MNU obtained from Sigrma (Table Iv). The storage

Sigma MNU at the manufacturer and distributer, and during

uncertain. The MNU obtained from Sigma was only

in the assay.

DISCIJSSION

The central finding in this study was that the carcinogenic response of the

dorsolateral prostate to MNU injection after seguential pretreatment with CA

and TP did not depend to a large extent on the level of DNA slmthesis in the

prostate. It was our hypothesis that MNU woufd induce more dorsolateral
prostate carcinomas when injected at the time that a maximal number of epithe-
lj.al cells were entering S-phase (groups 1 and 2) than when injected 12 hours

1ater, when the Lr was approximately 50? of the maxirm:m leve1 (group 3).
Adenocarcinomas and putative preneoplastic lesions (atypical hlperplasia)

tended to occur more frequently in animals of groups 1 and 2 than in rats of

group 3. However, the difference in incidence between these groups was small

and not statistically si.grnificant, and cou1d, therefore, weII be due to
chance. Furthermore, the zero percent incidence of dorsolateral prostate

carcinomas in group 3, injected 72-74 hours after the first TP treatment, was

exceptionally 1ow i,n view of earlier studies that found a 5-30? incidence when

MNU was injected at that time [3,4,7). Thus, the hypothesis could formally

neither be confirmed nor rejected, because of the lack of statistical sig-
nificance between groups L and 2 on the one hand, and group 3 on the other.

However, the fact that in groups 1 and 2, but not in group 3, the combined

incidence of carcinoma and atypical hyperplasia of the dorsolateral prostate

was sigrnificantly higher than in controls (group 7) does provide some support

for the original hypothesis. The observation that m{U administered 48-50

hours after the start of TP treatment induced a significant incidence of
dorsolateral prostatic (pre)neoplasia, in comparison with controls, whereas

BiU injected 60-63 hours after the first TP treatment did not, can be con-

sidered as further support for the hypothesis. These E{U results and the

finding that MNU induced slightly higher incidence when injected at 48-50

hours than when injected at 60-63 hours, suggest that carcinogen treatment in
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the late Gr- and early S-phase results in the highest risk for initiation of
the prostatic epithelium. rhis is similar to what has been found for initia-
tion of hepatocytes by direct-acting carcinogens in the partially hepatec-

tomized rat model []-8,35,361, and for carcinogen-induced transformation in
synchronized ceII culture systems t37-391, and is therefore probably a general

phenomenon.

There are several potential explanations for the minimal, if dDY, in-
fluence of time of carcinogen injection in rel-ation to time of LI maximrm on

the carcinogenic effect of MNU and ENU in the dorsolateral prostate. For

example, it may be that during the sensitive period of the late Gr- and early
S-phase, binding of the carcinogen to DNA and formation of the rel-evant DI'{A-

adduct or -adducts is lower than in other phases of the ce1I cycle, or that
relevant DliA adducts are more efficiently repaired by DNA repair processes'

This has been reported for the formation and repair of O5-methylguanine in the

hydroxyurea-synchronized rat liver after partial hepatectomy t401. However,

this is not a general observation, since in the hydrocortisone-synchronized

rat liver after partial hepatectomy, no differences in carcinogen binding to
DNA have been found between the sensitive phase of the ceII rycIe and the

other phases [36,41]. There is no information avail-able about these processes

in the rat prostate after treatment with alkylating carcinogens. Other,

perhaps more like1y, explanations are as follows.

First, the survival in the MNU-treated groups was distinctly lower than

that found i.n earlier studies 13,4,7 l, although the carcinogen dose was only

slightly higher. Previously, we have demonstrated that adenocarcinomas of the

dorsol-ateral prostate induced by MNU have a long latent period and are prob-

ably slow growing neoplasms [3,6]. Thus, although a higher carcinoma in-
cidence than previously was expected to occur, the rather short survival in
this study may well have contributed to the 1ow incidence found, and may

explain the zero percent incidence i.n group 3. The observed increase in
incidence of dorsolateral prostatic atypical hyperplasia with increasing

survival supports this presumption. In order to explain the large difference
in survival between this study and previous experiments, we compared the

m:tagenic potential in the Ames' test of the MNU used in this study with that
of MNU used previously, that was obtained from a di.fferent source. The large

difference found in m:tagenicity between MNU from the two sources certainly

-267-



helps to explain the survival difference. The extremely 1ow mutagenic poten-

tial of the MNU that was transported and stored under uncertain conditions
indicates that there may be a high variability in the quality of this known

very unstable compound 129,35) when it is obtained from a commercial source

without any guarantee that is has been kept under correct conditions (frozen

and in the dark). Such variabi.lity in guality may also explain in part why in
the first series of experiments that we conducted with MNU, the incidence of
prostatic cancer was substantially higher (30%) than found in more recent
studies (5-102).

Second, the percentage of ce11s that were in S-phase at the maxim.rm of DNA

synthesis in the dorsolateral prostate was approximately 10?, and it did not
exceed t2-1,42 in any one animal. In the rat liver after two-third hepatec-

tomy, that percentage is 2*2.5 times higher, i.e., 30% [18,36], and MNU injec-
tion at the time of that maximum, or a few hours earlier, induces a high
incidence of hepatic neoplasms [18,36] and preneoplastic lesions [35]. Fur-
thermore, in mamrnary gland epi.thelium of the female rat at 50-55 days of d9€,

some 30% of the cells of the terrninal end-bud and 12-14% of the cells of the
terminal duct are in S-phase [42]. MNU injection in these young virgin ani-
mals results in a high incidence of carcinomas [16,42] that originate from

these two structural compartments of the developing manunary gland [43]. These

observations raise the possibility that in the present study no appreciable
enhancement of prostatic carcinogenesi-s was detectable in animals treated with
I,INU during, or shortly before maximal DI.{A s}mthesis in the dorsoLateral pros-
tate, because too few prostate cefls actually were in S-phase at that time.
However, this seems not the most likely explanation, since we previously
observed that, in contrast to Wistar rats, F344 rats did not develop prostate
carcinomas after sequential treatment with CA, TP, and lotrU, although the level
of DI'iA slmthesis at the time of l,lNU injectj.on was twice as high as in Wistar
rats t4l. Furthermore, in partially hepatectonized rats that were injected
with MNU (at a dose si.rnil-ar to that used here) around the time that the hepa-

tic LI was approximately L0? (either before or after maxi.mal DI\IA slmthesis had

occurred), the incidence of hepatic neoplasms was approximately 20-302 t18l.
In the present study, mlU injection at, or shortly before maximal DI\A syn-

thesis, i.e., when the LI was approximately 10%, resulted in a carcinoma

incidence in the dorsolateral prostate of 10% or 1ower.

-268-



a third potential explanation is that the type of ce1l proliferative
response to sequential treatment with CA and TP does not support efficient
induction of prostatic neoplasia, Columbano and co-workers 145-41 I have

demonstrated that in the rat liver injection with mw or benzo(a)pyrene during

maximal ce1I proliferation induced by treatment with hepatocellular mitogenic

chemicals, such as lead nitrate and ethylene dibromide, did not lead to the

formation of enzyme-altered islands. On the other hand, injection during

maximal compensatory ce1I proliferation in response to partial hepatectomy or

treatment with a necrogenic dose of a hepatotoxin such as CC14, produced a

high incidence of these putative preneoplastic lesions. These investigators
proposed that this difference was attributable to the l-oss of carcinogen-
altered cel1s due to normalization of the number of hepatic cel1s by the

process of apoptosis in response to the mitogen-induced increase in ceII
number 1471. Regenerative ce1I proliferation after the loss of cells due to
parti.al hepatectomy or necrosis would, in their hypothesis, involve cell-

replication without subsequent rapid loss of (initiated) ce1Is. An alterna-
tive explanation to that of Columbano et a1. for their observations could be

that for the formation of hepatocellular neoplasms continued ce11 prolifera-
tj.on occurring inunediately following initiation is required. Indeed regenera-

tive cel1 replication continues in the partially hepatectomized rat liver for
approximately 3 weeks [48], whereas cefl replication in mitogen-treated rats
lasts for only a few days [49]. Continued ceII proliferation would lead to
early clonaI expansion of the initiated ce1l population, which probably has a

growth advantage over normal ce11s [50], so that a larger number of cells
would be at risk for a second carcinogenic event. The prostate of rats trea-
ted seguentially with CA and TP probably undergoes both compensatory cel1
proliferation and mitogen-induced (TP) ce11 replication. The extent of the

compensatory component most 1ike1y depends in part on the duration of the

chemi,cal castration by CA, which does not lead to a decrease in the nunber of
prostatic acini, but to a decrease in the nunber of epithelial ceIIs per

acinus, due to cell loss without ceII renewal t511. Thus, the minimal car-
cinogenj.c response of the prostate of rats injected with MNU in the late
Gror early S-phase could be due to ceI1 loss of part of the initiated ce1l

populatj,on.

The time-course of the Dlrla synthesis response to sequential treatment with
CA and TP was very conparable to that described for the androgen-treated-
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castrated rat [9,10,54-56], and the leve1 of maximrm DI.trA synthesis was within
the range reported for this model system [9,54-56]. The doses and times of
administration of CA and TP selected for the tumor induction study were those

that resulted in the highest possible naximrm in DI'{A slmthesis in prostatic
epithelium under the conditions tested. Inportant in this respect v/as that
DHT resulted in the same time-course and magnitude of DI'IA synthesis response

in comparison with TP, although the cA pretreatment was expected to have

inhibited scFreductase activity [].31, and thus the formation of DHT from T,

and DHT has been reported to result in a later time of maximrm DliA synthesis
than testosterone [10]. F\.rrthermore, the fiA ng/kg/day TP dose used in cur-
rent and previous tumor induction experiments, although extremely high, resul-
ted in the highest Dl{A synthesis rnaxirmrm of the TP doses tested.

The present study demonstrates that differences in sensitivity to MNU-

induced carcinogenicity between the ventral and dorsolateral prostate could

not be attributed to differences in the 1evel of Dl{A synthesis at the time of
MNU injection between ventral, 1atera1, and dorsal- prostate which was similar
in the three lobes. Al,ternative explanations are differences between these

lobes in, e.9., the efficiency and/or error-proneness of DtlA repair mecha-

nisms, but these aspects have not been investigated in the prostate. However,

support for such explanation is derived from the following observations: (i)
Notwithstanding the higher 1evel of DNA synthesis in the coagulating gland and

particularly the seminal vesicle than in the prostate at the tine of lotrU

injection, very few carcinomas were found in these structures. (ii) The

structurally closely related alkylating agents B{U and MNU injected at the

same time targeted different structures; ENU induced distinctly more prolife-
rative lesions in the coagulating gland (including carcinomas) and ampullary
gIand, and slightly more l-esions in the ventral prostate than MNU, whereas MNU

was slightly more effective in producing dorsol,ateral prostate proliferative
lesions. These observations strongly suggest that there are differences in
DI{A repair between these various accessory sex glands, that determine, in
combination with differences in the rate of DI{A synthesis, the risk of fixa-
tion of prormrtagenic DlrlA l-esions. Great variability among various tissues has

been reported in the persistence of potentially promutagenic methylated and

ethylated D}{A bases 124,25,51,58) and the activity of O6-alkylguanine-otrtR

alkyJ.transferase [59], and even within the sarne organ, heterogeneity may exist
in DI.IA alkylation and repair as demonstrated in the rat liver by Richardson
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and colleagues [60]. The latter group also obtained evidence that differences

in distribution of carcinogens among liver Iobes, perhaps due to differences

in blood supply, may contribute to lobe heterogeneity in carcinogenic re-
sponse. Similarly, differences in blood supply may have played a role in the

differences in carcinogenic response anong accessory sex glands found in this
study, but they cannot explain the difference in response to MNU and ENU.

It is of interest to note that ce11 loss in the ventral prostate occurs

via the process of apoptosis, whereas the extent of apoptosis has been repor-

ted to be distinctly less in the dorsolateral than in the ventral prostate

[52,53]. Thus, if the earlier nentioned cell loss theory of Columbano et aI.
t46l is applicable to prostatic carcinogenesis, this difference between lobes

nny be an explanation for the differentj.al susceptibility of the dorsolateraf

and ventral prostate to carcinogenesis induced by MNU injected after CA and TP

treatment in Wistar rats.

Tumors of the skin and its appendages (sebaceous glands and hair folli-
cles) were induced by MNU, as previously reported 14,7J. These trmors oc-

curred in almosL 40% of the animals of group 3, but in groups L and 2, their
incidence \,ras mrch lower (20? or less). This observation indicates that the

treatment with CA and TP affects DltrA synthesis in the skin in such a way that
72-74 hours after the first TP injection this tissue is nost sensitive for the

carcj.nogenic action of MNU. It is known that the most sensitive period of the

ceII cycle of the rat skin (and liver) for a carcinogenic insult is the late
Gr-ear1y S-phase 16L,621. It has also been reported that the epidermis of the

castrated mouse responds to testosterone treatment with a wave of mitotic
activity [63] comparab]e to the response to androgens of the accessory sex

glands in the castrated rat, but there is a contradictory report, indicating
the absence of such a response in the skin of the castrated mouse t541.

Nevertheless, the results of the present study suggest that DI'iA synthesis in
the rat skin after treatment with CA and TP is maximal some 72 hours after the

first TP injection, and indicates that MNU injection at that time effectively
results in the formation of skin tumors. These observations provide further
support for the previously proposed concept [7] that androgen control of DI',IA

synthesis in the rat skin is an important factor in epidermal carcinogenesis.

In agreement with earlier findings [7], the induction of carcinomas of the

earductllzmbal 91and by MNU did not appear to be influenced by the treatment
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with CA and TP. In comparison with single injection, repeated MNU injection
markedly enhanced the induction of earductlymbal gland carcinomas (and sto-
mach tumors), but not of skin tumors. thi.s difference provides further sup-

port for the view that the skin and the Zymbal's gland/earduct are very dif-
ferent in susceptibility to chemical carcinogenesis, and modification thereof
by hormonal factors [7].
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CII.APTER VII

PROI,TOT I ON OF N-IIIETHYL_N-N I TROSOUREA- I NDUCED

PROSTATIC CARCINOGENESIS BY TESTOSTERONE:

PREL I IiIINARY OBS ERVATT ONS

Maarten C. Bosland, PauI M. Scherrenberg, Bert.T.H.J. de Bie,
and Henriette C. Dreef-van der Meulen

ABSIBACT - rhe effect of long-term administration of testosterone (T) on the
Iid:[6ff6n of prostatic caicinomas by N-methyl-N-nitrosourea (MMJ) in Wistar
rats was investigated. Implantation of Ewo 3 cm-Iong Silastic implants (OD
3.2 riln, ID l-.6 mm) caused a 2-3-fold elevation of mean plasma T leveIs to the
approximate upper linit of the normal range, which lasted for at least 6
months. Four implants caused a 6-9-fold increase in plasma T. A single MNU
injection, given after sequential treatment with cyproterone acetate and T
propionate to stimrlate prostatic DliA synthesis, resulted in a 4? incidence of
adenocarcinoma of the dorsolateral prostate. Long-tern, marginal elevation of
circulating T, following MMI injection, to approxinately the upper limit op
the physiological range markedly enhanced the incidence to 34t, and a 6-9-fold
elevation of plasma T resul-ted in a 43t incidence. Thus, T appeared to act as
tumor promotor of MNu-induced prostatic carcinogenesis. The combined MNU and
T treatment may serve as a rel"evant animal model for the study of human
prostatj.c carcinogenesi s.
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We have previously reported the induction of adenocarcinomas of the dor-
solateral prostate in wistar rats by a single injection with N-methyl-N-nitro-
sourea (MNU) given preferentially at peak DliA synthesis activity in the

prostate |L,2,3,41. DNA slmthesis was stimrlated by seguential treatrnent with
cyproterone acetate (cA) and testosterone propionate (TP) [4]. The incidence

of prostatic carcinomas resulting from this treatment ranged from 5 to 30t,

with an average incidence of 10% (6 different experiments). Pour and Stepan

[5] have reported that long-term treatment with TP greatly enhanced prostatic
carcinogenesis induced by N-nitrosobis(2-oxopropyl)arnine (eoP) injected on

three consecutive days during stirm:lation of prostatic cefl replication by TP.

Pollard and Luckert [5,7] reported that a single administration of MNU to

Lobund-v{istar rats, one week before long-term administration of TP cottunenced,

enhanced TP-induced prostatic carcinoma incidence from 10-158 to 518. rn

these studies, TP was administered by Silastic implants, which resulted in
plasma T concentrations of 40 ngfil [5] or 50 mglm1 t6l. These levels exceed

the normal plasma T level in the male rat by more than 2O-fo1d. The implants

were replaced at 6-week t5] or 2-month intervals 16,77, because plasma

testosterone (T) Ievels started to decline. We report here on the influence

on induction: by MM, of prostatic cancer of long-term administration of
testosterone at a dose that leads to marginally elevated plasma T leveIs.
this closely ninics the situation reported by Ross et aI. [8] that plasna T

levels in a human population at high risk for prostatic cancer, young adult US

Blacks, are slightly, but statistically significantly higher than in lower

risk Whites.

T was administered by Silastic implant,s to groups of 10 rats each for
periods ranging from 4 weeks to 6 months. P1asna levels of T, Sedihydrotes-

tosterone (DHT) and estradiol-176 were measured by radioirurnrnoassay (RIA).

Btood was sampled (by decapitation, without anesthesia) at different times of
the day 9 a.m., 1 p.[., or 5 p.m.i see tables r-rII), because there is a

diurnal rhythrn in plasma T concentration in the male rat [9]. One 3 or-Iong

implant did not elevate plasma T levels 4 weeks after implantation in com-

parison with control levels (Table r). 1]ro 3 crr.long implants elevated mean

plasma T leveIs to about two to three times the mean control level (Tables t
and II). This is near the approximate upper linit of the physiological rangei

the range of control values was 0.5-8.7 nglm1 (n = 69) in these experiments.

Implantation of three and four implants resulted in a more marked elevation of
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Table I Plasma T levels in Wistar rats 4 weeks after implantation of
3 cm-long T-contaj.ning Silastic implantsa

Plasma T concentrationb

9 a.m. 5 p.m.
Number

of
implants N Mean + SEM N Mean + SEM

0

1

2

9

9

10

4.1 + 0.73

3.6 + 0.44

5.6 + 0.41e

1.9 + 0.25

3.7 + 0.14

5.4 + 0.56d

9

10

l_0

0

3

4

10

5

5

2.9 + 0.49

9.5 + 0.76c

t6.9 + 2.67d

l-5.8 +

10

5

5

4.5 +

22.6 +

0.78

2.76d

1.45d

a Silastic tubing (ID 1.6 mn, OD 3.2 nun; No. 602-305, Dow Corning,
t'tidland, MI) \,ras tight.J.y packed with T (Sigma, St. Louis, UO) to a
length of 3 cm, and then sealed with silicon nedical adhesive
(No. 891, Dow Corning, Midland, MI). prior to implantation, the
implants werg incubated for 48 hours in 0.01M phosphate-buffered
saline at 37-C. The tubing was implanted s.c. on the back while

- the rats were under ether anesthesia.
I elasma T (n9lm1) was measured by RIA.
; P < 0.05 for difference with control value (t-test, one-sided).- P < 0.001 for difference with control value (t-test, one-sided).

plasma T, to about 5- to 7-fold and 6- to 9-fo1d, respectively. TVo implants
of 3 cn length were, therefore, selected as T dose for tumor induction experi-
ments. at this dose, T levels remained elevated at around 5.5-6.5 nglm1 up to
6 months (rable rrr). DHT levels were also elevated b1z approximately 2.5-fo1d
(Table rI). Interestingly, plasma levels of estradiol-17B were also slightly,
borderline significantly higher (Tab1e II), presumably due to peripheral
aromatization of the exogenous testosterone.

The protocol of the tumor induction experiment was as follows. Three
groups of 30 rats each were treated daily with C.A for 21 days, starting at 8
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Table Ir. Pl-asma 1evels of T, DHT and estradiol-l7B in wistar rats

4 weeks after implantation of 3 cn-long T-containing Silastic
implantsa

Plasma levels ofb:

Treatment
Time of
sanpling N T DHT estradiol-176

Control

2 T implants

10

10

10

10

10

10

2.L5

2.0t

2.15

5.20

5.69

5.71

0.40

0.57

0.72

o.2Bc

0.27c

0.23c

9 a.n.

1 p.m.

5 p.rn.

9 a.m.

1 p.m'

5 p.m.

1

J

1

1

J

I

39

42+Lt

53+L0

141 + 15c

97+9c

109 + Bc

2.6 + 0.13

2.6 + 0.16

2.9 + 0.16d

2.9 + 0.14d

2.9 + 0.21

J 9

182.6+A

I silastic implants were prepared and implanted as indicated in Table I '
" values are presented as mean + sEM. Plasma concentrations of T (ng/mL),

^ DHT (pg,zml) and estradiol-176 (pglm]) were measured by RrA.
I p < O.OOf for difference with control value (t-test, one-sided).o 0.1 > P > 0.05 for difference wj.th control value (t-test, one-sided).

weeks of age, followed by 3 daily injections of TP, starting on day 22 of the

experiment, as described previously [1,4]. At 60-63 hours after the first TP

injection. MNU was injected i.v., as detailed elsewhere [1,4]. T\^ro weeks

later, two of these groups received s.c. Silastic implants of 3 cm length

containing T; one group was implanted with two implants, and the other group

received four implants. At the same time, two groups of 30 rats of the sane

age that were not treated with CA, TP or MNU, received two or four T implants.

There was one untreated control group of 30 rats. the 4-implants groups were

included in order to obtain data that would be comparable with those of Pour

and Stepan [5] and pollard and Luckert 16,71. The Silastic implants were

replaced once, 26 weeks after the first implantation. The animals were killed
vrhen moribund, a complete necropsy was performed, and the male accessory sex

glands and al1 gross tumor-Iike lesions were histologically examined as de-

scribed previously 11,41. Preliminary data concerning survival and incidences
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Table III Plasma T leve1s in Wistar rats at various times after
implantation of two 3 cm-long T-containing Silastic
implants. a

Plasma T concentrationb

Time of
samplrng N Control 2 T implants

d
8

t2

1B

.A

10

10

6

6

L.21 +

2.98 +

1"95 +

L.23 +

0.24

0.49

0.21

0.26

52"

-_d5/

52d

6.08 + 0.34

5 46+0

6.37 + 0

6.26 + 0

a Silastic implants were prepared and implanted as indicated in
. Table I.D P1"=*. T concentrations were measured as indicated in Tab1e l,
. and they are presented as mean (p1fir&) + SEM.
" Time of sampling (1 p.m. ) in weeks aftei implantation of Silastic
, implants containing T.
I p < O.OO1 for difference with control value (t-test, one-sided).
" p < 0.005 for difference with control value (t-test, one-sided).

of tumors of the accessory sex glands are surmnarized in Table IV. I\rmor

incidences are based on lesions observed at autopsy, and on screening of two

histologic sections of the dorsolateral prostate, made at different levels,
and one section of the ventral prostate, coagulating glands and seminal vesi-
cles for neoplasia.

SurvivaL in the three MNU-treated groups was similar, irrespective of
whether they were treated with T at a low or higher dose; curmrlative mortality
curves were virtually identical (data not shown). Mortality in the groups

treated with only T was very low until approximately one year after the start
of the experiment. Mortality in the 4-implant group (without MNU) then star-
ted to j.ncrease steadily, whereas mortality in the 2-implant group (without
MNU) increased very slowIy. The difference between these two groups was

significant (P < 0.05; Fisher exact test, two-sided) from week 57 onwards. At
78 weeks after the start of the experiment, cumulative mortality in the 4-
implant group (wi,thout MNU) was approaching that of the MNU-treated groups,

-287-



but was still significantly lower (P < 0.05). Thus, there was distinct
chronic toxicity of the high T dose, whereas the two-implant T dose resulted
in a mortality that was only slightly, but not statistically significantly
higher than in the controf group.

The incidence of adenocarcinoma of the dorsolateral prostate in the group

treated with only CA, TP and MNU was low, and similar to that found previously

12-41. Long-term a&ninistration of T at a low dose starting 2 weeks after MNU

injection enhanced the incidence from about 5t to about 35t, and treatment
with a higher dose of T increased the incidence to approximately 40-45? (Table

IV). These differences were statistically significant, and there r,.ras a sig-
nificant (P = 0.003, NxK X2-test, 2-sided) relationship between tumor response

and T dose. The incidence of adenocarcinomas located in the seminal vesicle
and/or coagrulating gland was also higher in the groups treated with I,INU and

long-term T than in the group that received only MNU treatment, but this dif-
ference was not significant, and there was no sigrnificant relation between

tumor response and T dose. The incidence of sarcomas of the accessory sex

glands hras not increased in the groups treated with MNU and long-term T. rn

the groups treated only with long-term T administration, there was a 1ow in-
cidence of accessory sex glands carcinomas and sarcomas. There was no dif-
ference in tu'nor incidence between the low- and high-r-dose groups (without
MNU). Since 40-83E of the animals in these groups are still alive, there is a

possibility that the accessory sex gland tumor incidence will increase.

These results demonstrate that long-term marginal elevation of plasna T

levels greatly enhances the formation of MNU-induced adenocarcinomas of the

dorsolateral prostate in the rat. This observation has great significance,
because the plasma T elevation was still within the physiological range, and

thus supports the concept proposed by Ross et aI. [B] and by others [see 10]

that elevated circulating levels of T in tnen are associated with increased

risk for prostatic cancer. Furthermore, our findings indicate that T is a

tumor promotor in the classical sense for prostatic carcinogenesis. In a

previous study we demonstrated that castration 4 weeks after MNU injection
inhibited the formation of prostatic carcinonas [2J. Further elevation of
plasrna T resulted in a further increase in carcinoma incidence, but this
increase in incidence vras not proportional to the increase in plasma T.

Interestingly, a snall elevation of circulating T, without preceding MNU
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Table IV Survival and incidences of accessory sex gland tumors in rats
treated with CA, TP, and MNU, with long-term t administration,
or with a combination of these treatnents.

Adenocarcinoma Sarcoma

Treatment

Median
time ef
deathd

Number
(precen-

tage )

dead ,.-D
anlmaJ-s

dorso- seminal
lateraf vesicle/

prostate coagulating
region gland

dorso- seminal
lateral vesicle/

prostate coagulating
region gland

cControl

2 t implantsd

4 T implants

I'AIIJE

MNU->2TimpI.

MNU->4Timp1.

58

49

49

52

1(3)

s (17)

18 (60)

26 (e3)

29 (9't )

30 (1oo)

n

1

1

1 (4)'

10 (34)s

13 (al)h

0

1

0

r. (4)

s (17)

6 (20)

0

1

L

2 (8)

2 ('t)

2 (7)

0

l-

0

0

0

0

I rifty percent mortality point in weeks after the time of MNU injection.
" Number (percentage) of aninals that had died at 72 weeks after the time of

MNU iniection.
! xo S0%-*ortalitv reached at weeks 72.o Three cm long silastic implants containing T, as described in Table r.
'Pretreatment with CA for 21 days (50 ng/kg/day) and TP for 3 days (100

ng/kg/day), followed by a single i.v. injection of MNU (Ash Stevens,
r Detroit, Mr) at a dose of 4Q ng7kg, as described previously [1,4].' In parentheses is indicated the percentage of dead animals with carcinoma

or sarcoma; this is not given for the first three groups that had a 1ow
mortalitv.9 p < O.Ol'for difference with the MNU-only group; Fisher exact test, two-

. sided.n p < 0.001 for difference with the lotru-on1y group; Fisher exact test, two-
sided.

treatment, resulted in the formation of accessory sex gland tumors, both car-
cinomas and sarcomas, at 1ow incidence, and a higher dose of T did not further
increase this incidence. These observations indicate thab a very small eleva-

tion in circulating T causes a large increase in risk in the MNU model, wtrere-

as a further elevation of plasma T 1evels is less important as risk enhancer.
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Our experiments are more relevant to the human situation than previous

studies 15,6,71. In the first p1ace, previous investigators applied very high
plasma T l-eve1s to enhance prostatic carcinogenesj,s, whereas we enhance pros-

tatic carcinogenesis with only slight elevation of plasna T. Also, their T-

treatment was cyclic, since (1) they had to replace their implants every 6 to
8 weeks as plasma T levels were dropping at that time, and (2) they did not

wash their irnplants prior to implantation, which leads to extremely high T

leve1s during the first few days after i-mplantation [11]. The reason for the

short active delivery time of their implants as compared to ours is due to the

fact that they used TP, which diffuses much more rapidly through the Silastic
tubing material than does T [].2,131. Second, in the experiments by Pour and

Stepan [5], a corbination of adenocarcinomas, squamous cell carcinomas and

anaplastic carcinomas was found. These tumors \,rere located in the dorsolate-
ra1 as welL as the ventral prostate, but from the presentation of the data it
is not completely clear how many tumors of each type were located where.

Thus, although the incidence of prostatic carcinomas was increased from about

4% without TP treatment after BOP injection to 67? in animals that received

long-term TP, j,t is not clear how many animals had adenocarcinomas of the

dorsolateral prostate. Third, pollard and tuckert [6,7] injected MNU without
concomitantly stirmrlated prostatic ceII replication, and they reported that
2/20 anfuaLs that received a single injection with MNU without further treat-
ment developed dorsolateral prostatic carcinomas. In the wistar wU rat that
we used, MNU did not induce prostatic carcinomas, unless injected during

enhanced prostatic cell replication after pretreatment with CA and TP [2].
This suggests that the Lobund-wistar rat strain that was used by Pollard and

Luckert is predisposed to developing prostatic carcinomas, On the other hand,

long-term T administration per se resulted in a simil-ar low incidence in the

Lobund-Wistar rat [7] and the WU strain, as is reported here.

In slumrary, the results of this study demonstrate that long-term elevation
of circulating T to approximately the upper limit op the normaL range Inarkedly

enhances the production of adenocarcinomas of the dorsolateral prostate in-
duced in rats by a single injection with MNU given when DI{A s}mthesis is
stim,rlated. This approach has great potential to serve as a rel-evant animal

model for the study of human prostatic carcinogenesis, particularly if reduced

MNU doses or shortened periods of exposure to exogenous T would still produce
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a substantial incj.dence of prostatic carcinomas. The mechanism of this promo-

ting effect of T remains rmknown. Attractive possible mechanisms are T-in-
duced clonal expansion of the initiated celI population due to a selective

growth advantage of these ce1ls over non-initiaLed cells or due to an altered

response of the initiated cells to the proliferative stinLrlus of elevated

circulating T.
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CEAPTER VIII

DETECTION OF A TRANSFORT.IING POINT I.IUTATION IN THE

C-K-RAS PROTOONCOGENE IN N-T.IETHYL_N-NITROSOUREA-INDUCED

RAT PROSTATIC CARCINOIIAS : PRELII{INARY OBSERVATIONS

Maarten C. Bosland and Saraswati Sukumar

AASIBACT - A transforming mrtation in the twelfth codon of the c-K-ras gene
wa;-ound in 8/71 carcinomai and 4/5 sarcomas of the rat dorsolateral !6s{.ate
induced by a combination of a single injection with N-methyl-N-nitrosourea
(MNU) and long-term treatment with T. The rmrtation was E C,C --> ET transition
of the 35th base pair of the K-ras gene. production of Oo-methylguanine
adducts in the K-ras gene by MNU, fofowed by base rnispairing during replica-
tive DI'{A syntheElE is thus the likely molecular meihanism of initiation of
prostatic carcinogenesis by MNU in the rat. This is the first. denonstration
of a transforming rmrtation in a non-H-ras gene in experimentally-induced
eqithelia{otumors in rodents. Al1 four sarcomas that were positive for the
G----> A-- mrtation of the K-ras gene were neurogenic, and this is the first
demonstration of transforming rm:Etions of a ras gene in induced neurogenic
tumors in rodents.
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Activated oncogenes of the ras gene family have been identified in many

experimental carcinogen-induced tumors often at high freguency, and in many

human malignant tumors usually at 1ow frequency 11,2,31. These genes have

obtained the ability to transform cel1s of the immortalized NIH/3T3 line into
tumor celfs, i.e., ce11s that are capable of formi.ng tumors in nude mice upon

s.c. injection. In many of the experimental tumors, the mechanism of this
activation has been determined to be a specific single point rmrtation in a

specific member of the ras family, which consists of the H-ras, K-ras and N-

ras genes [1,3]. This is also the case in some human tumors, such as colorec-
tal cancer t4l. In some of the carcinogen-induced tumors j.n rodents the

activating point rmrtation is suspected to have been created at the time of
ttmor initiation by base-mispairing during replicative DNA synthesis due to
the presence of carcinogen-Dl{A adducts 13,5,6,11. The consequence of the

presence of a transforming rm,rtation in a c-ras gene is the production of a

protein product, commonly referred to as p21-, that contains one faulty amino

acid. The current thinking is that such a single amino acid modification in
the p21 protein al-ters i.ts function in sigrnal transduction pathways at the

levef of the plasma membrane, which has as final result malig,nant transforma-

tion of the ceII 11,,2,31. It should be noted, however, that there are indica-
tions that in several instances the activation of one oncoqene is not suffi-
cient for fu1l malignant transformation IB]. Furthermore, activation of c-ras
genes may take place at a fater stage in the process of carci,nogenesis than at
initj.ation. Although Quintanilla et al. [9] have demonstrated that activation
of H-ras during skin carcinogenesis by 7,l2-dimethylbenzIa]anthracene initia-
tion and phorbol ester promotion is a rather early event, it has not been

proven beyond doubt that such activation takes place at the tirne of the in-
itiating event.
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Activation of ras oncogenes has been observed in three different systems

using tumors induced by methylating agents. rn 60/11 (86Z) of marunary car-
cinomas induced in rats by N-methyl-N-nitrosourea (MNU), the c-H-ras gene has

been detected, which was activated by a a G -> A transition of the middle

guanine of the twelfth codon of the gene in all 60 cases [5,6,7]. In 85? of
l4NU-induced thymlc lymphomas in mice activated c-K-rgr or c-N-ras genes were

found, that had c -> A transitions or CG -) AT transversions [3,10,111. Renal

mesenchlmal tumors induced in rats by methyl(acetoxymethyl)nitrosamine had

activated c-K-IeE or c-N-ras genes [12]. on the basis of these reports, we



hypothesized that, similar to the MNU-induce marilnary carcinomas, in tlNU-in-

duced prostatic carcinomas the H-ras gene would be activated by a sing1e point

mutation in the twelfth codon of that gene. Prostatic carcinomas induced in

rats by MNU followed by promotion with long-term testosterone (T) treatment

[13,14] were examined for the presence of such transforming mltations in c-ras

genes, using a novel technigue of selective amplification of the relevant

seqments of ras genes followed by differential hybridization to mutation-

specific oligonucleotide probes [15] .

prostatic tumor tissue was obtained from two experiments with different
rat strains, the outbred Cpb:WU strain and the inbred LEI^I strain. The tumors

were induced, as described previously []-3,141, by a single i,njection with MNU

following treatment with cyproterone acetate and testosterone propionate to

enhance cell replication at the time of MNU injection. All tumors examined

were from animals that had received tong-term treatment with T subseguent to

MNU injection, as described elsewhere t151. Tumor DIr{A was extracted and

subjected to in vitro selective amplifj.cation [14,16], and the resulting
amplified D\lA preparation were hybridized by dot-blotting to c-H-ras, c-K-rgE

and c-N-reE oligomers specific for glycine (wi1d tlrpe), aspartic acid or

serine at codon t2 14,1,41. The principle of the amplification procedure is as

follows [see also 2]. For amplification of the twelfth codon sequences of the

c-!as genes, two primers are used, ras-S' complimentary to the (+) strand,

encompassing bases 6-25 of the ras gene, and the other ras-3', complimentary

to the (-) strand, encompassing bases 51-70. The annealing of both primers to

their respective seguences in the (+) and (-) strands of the denatured genomic

DI\A is followed by extension with a thermostable DI.{A polymerase and

deoxynucleotide triphosphates, resulting in the production of two new

fragrnents containing the target sequence. These two copies are themselves

templates for the primers. Thus repeated cycles of denaturation, annealing

and extension result in an exponential accurmrlation of the 65 base pair

product defined by the 5' and 3' primers.

No H-rgE activation was detected, but, instead, 152 of the 16 tumor san-

ples examined had a transforming rmrtation in the twelfth codon of the K-ras

gene, which was a Gc --> AT transition of the 35th base pair, resulting in
substitution of aspartic acid for glycine. An example of the dot blot results

of three tumors that carried this m.rtation and three tumors that were neqative
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Table I G35 -> e35 rmrtations in the twelfth codon of the c-K-ras gene

in tumors of the rat dorsolateral prostate induced by a single
MNU injection followed by chronic treatment with ta

nmor type

No. (?) of tunors wj.th K-ras c35-> a35r*tation

Wistar WU LEI!^i Both strains

Adenocarcinoma

Sarcoma

6/8 (75)

A/sb$o)

2/3 (67)

0

B/tt (731

4/5b$O)

a fh" dos" of MNU was 40 or 50 mglg in the WU rats and 45 rnglkg in the
LEW ratsi T treatment consisted of 2 or 4 3-cm-Iong Silastic implants

" 
fi11ed with T, as described elsewhere [16].- 1\^ro of the four positive sarconas were diagnosed as neurogenic tumors, on
The basis of their immunohistochemical positivity for the neurogenic
intermediate fil-aments S-l-00, neuron-specific enolase, and GFAP. The one
negative sarcona was diagnosed as leiomyosarcoma.

is shown in Fig. 1. A positive control (NIH/313 transformed ce1I line posi-
tive for the glycine --> aspartic acid mltation in the l"2th codon of K-Ig!)
and DI.{A from an r:ntreated rat are also inc}uded in Fig. 1. The dot blots of
the positive tumors have both wild type K-ras and rmrtated K-rsE, the latter
being weaker than the former. fhis is most probably due to the presence of
DNA from non-tumor ceLls in the samples, €.9., from stromal cells, and to the
allelic nature of the rmrtation [4].

The results of the dot-blot analysis are presented in Table I. The tumors

that were negative for the c --> A mttation of the 35th base pair of the K-ras
gene did not have H-ras or N+as with a codon 12 rmrtation, and their DI\IA was

not examined as yet for transforming activity in the NIH/3T3 assay or by other
nethods. The results demonstrate that a high percentage of the MNu-induced

prostatic carcinomas and sarcomas have a transforming rrutation of the 12th
codon of a ras gene, which is sirnilar to the high percentage of activating
mrtations of that codon found in MNU-induced nEur[nary carcinomas and thymic
llmphomas. This suggests a comnonality in the likelihood of activation of the
ras gene path\^'ay by MNU among different target cel1s. A high percentage of
both sarcomas and carcinomas had the c35--> e35 mrtation in the same member of
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Fig. 1. Dot blot analysis of rat prostatic carcinomas induced by MNU, for
rmrtations at codon 12 of the K-ras gene. DI{A fron prostatic
carcinomas was amplified and 25 p1 (1st and 3d row) and 2.5 pl
reaction mixture (2nd and 4th rovr) was hybridized on filters to a

synthetic otigonucleotide probe specific for G35 o, e35 in the K-ras

gene (see below). Lane T: NIH/3T3 transfornant positive for the

G35--> o35 *-IuE activationi lane N: DNA from a prostate of an

untreated rat; lanes 1-3: DIrIA from prostatic carcinomas negative for
the mrtation; lanes 4-6: DNA from prostatic carcinomas positive for
the mrtation.
Method:

Genomic Dt\trA fron the tumors was extracted as described previously
t6l. The amplification reaction was initiated with L 1tg of each of
the DNAs, The two primers used were K-ras-s' complimentary to the
(+) strand, encompaising bases 6-25 of the rat K-ras gene, and the
other K-ras-3', complimentary to the (-) strand, enconpassing bases
51-70. the sanples were subjected to^50 rycles of amplification, 

^each consisting of denaturation^at 94"C for 2 min., annealing at 30-C
for 3 min., and extension at 72"C for 3 min. with the ternostable Taq
polymerase (Cetus corp., Emer1ru'il1e, CA), which is added only once.
The reaction nixture consisted of z tltg of genomic DlrIA, 1 pM of each
of the priners, 10 /1 DMSO, L25 pl,l each of the deoxlmucleotide
triphosphates (Pharmacia, uppsala, sweden) dATP, dGTP, dTTP and dcTP,
2.5 units of Ieg polymerase in a total of 100 p1 of lX b'rffer (50 mt'I

KcI, L0 mM TTfFHCI (ptt 8.3), 1.5 mM Mgclr, 0.01t (Wv) gelatin).
Ttre enzyme was added after an initial denSturation step of 5 min. to
destroy nucleases possibly present in the genomic D[,IA. The reaction
nixture was overlaid with 100 pl nineral oil to prevent evaporation.
After 40 ryc1es, 25 p1 and 2.5 pl of the mixture was blgtted on nylon
membrane in 6X saline sodium citrate (SSC), baked at 70"C for 45

min., and prehy.bridized for 2 hours at 55'c in bruffer containing 3 M

tetramethylamnonium cloride, 50 mM Tris-HCI (pH 7.5), 2 mM mrA, 0.3?
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sodium dodecyl sulfate (SDS), 5x DET (1x DET is 0.02? of each
polyvinylpyrrolidone,.$ico1I and bovine serum albumen) and 100 pg/nl
denatured tRIilA. The "-P-labelefl oligonucleotide probes were added to
the filters (approximately 1x10" cpmrzfilter) in the same buffer, and
incubated for 3 hours at 55"C. The filters were washed twice in 6X
SSC at room temperature for 20 min^ each, and then 6X SSC, heated to
the discriminating temperature (68"C) was poured onto the filters.
The filters were slaken gently for an hour, then washed with 6x
ssc/o.st sDs at 50oc for-20 min., followed by 6x ssc/0.58 sps it SOoc
for 20 min, and finally rinsed in 6X SSC. The filters were mounted
wet between Saran wrap and autoradiogaphed at -70oC for 4 hours to
overnight with a single intensifying screen.

the ras family. This is, to our knowledge, the first time that epithelial
tumors induced by methylating agents have been observed with a transforming
mutation in the K-ras gene, which has thus far only been reported to occur in
mesenchlmal tumors induced by such agents [3,5-7]. Epithelial tumors induced

by methylating carcinogens in rodents, specifically MNU-induced rnanmary car-
cinomas, have previously only been associated with activation of the H-ras
gene [3,5-7]. The mechanism that underlies these specificities in activation
of specific oncogenes in various systems is not r:nderstood t1-31. Another
novel finding is the 12th codon mutations of the K-Ie! gene found in 2/2
neurogenic sarcoflEs. The only other report on experimentally induced
neurogenj.c tunors demonstrated transforming activity in DI.{A from neuro- and

glioblastonas induced in rats with N-ethyl-N-nitrosourea due to activation of
the neu gene [18]. fina11y, al-l tumors that were examined had been induced by
a combination of IVINU and long-term T treatment, and, thus, our results are not
unequivocal proof that MNU per se caused the the mutation. However, it seems

unlikely that slight to moderate elevations of plasma T on a long-term basis
would lead to the high freguency of a specific point rmrtation which in all
probabi.lity is caused by base mispairing during replicative DI'{A synthesis due

to an minor structural alteration of a specific Anranine residue. Chronic
stimrlation by T of prostatic ce11 proliferation, leading to clonal expansion

of the initiated cel1 population, and,/or T-modification of prostatic celfular
differentiation favoring the expression of a neoplastic phenotype of the MNU-

initiated celJs, are, in our opinion, more attractive to explain the mechanism

of promotion by T of MNU-initiated prostatic carcinogenesis. Thus, our re-
sults strongly suggest that O6-methylguanine is the methylated DI.JA adduct of
IOIIJ that is responsible for activation of the K-ras gene as a first step in
MNU-induced prostatic carcinogenesi s.
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In suwnary, a transforming mutation in the twelfth codon of the c-K-ras

gene was found in B,/LL carcinomas and 4/5 sarcomas of the rat dorsolateral

prostate induced by a combination of a single ttNU injection and long-term

treatment with T. The mutation was a GC --> AT transition of the 35th base

pair of the K-ras gene. Production of O6-methylguanine adducts in the K-ras

gene by MNU, followed by base mispairing during replicative DtrlA slmthesis is
thus the Iike1y mol-ecular mechanism of initiation of prostatic carcinogenesis

by MNU in the rat. This demonstration of a transforming mutation in a non-H-

ras gene in epithelial tumors in rodents induced by a methylating carcinogen

has not been reported previously. Tvo of four sarcomas that were positive for
the c35--> e35 mutation of the K-ras gene were of neurogenic origin, and this
is the first demonstration of transforming mrtations of a ras gene in induced

neurogenic tumors in rodents.
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CONCLUDING RE}IARKS

The objectives of the research described in this Dissertati,on were three-
fold: (L) to assess the possible role of environmental factors in human pros-

tatic carcinogenesis on the basis of a review of existing information, (2) to
develop an animal model for the study of prostatic carcinogenesis, and (3) to
study mechanisms of prostatic carcinogenesis in this model. A literature
review on human prostatic carcinogenesis with a focus on environmental factors
did not exist, nor was a well-evaluated and generally accessible animal model

for the study of prostatic carcinogenesj-s availabl-e. The review in Chapter I
provides an assessment of environmental factors enhancing prostatic cancer

risk, and a hypothesis of the etiopathogenesis of human prostatic cancer. A

novel procedure was developed to induce prostatic carcinomas in rats with a

single carcinogen adminj.stration. Although this finding has not resulted yet
in a ready-to-use, easy-to-app1y animal model for the induction of prostatic
cancer, the studies described in Chapter VII demonstrate that a substantial
incidence of prostatic cancer can be induced in rats using a combination of a

sj,ngle carcinogen administration and long-term, but low-dose, exposure to
exogenous testosterone. Furthermore, since the first, preliminary account of
our resul-ts in Lhe l-iterature [1], several investigators [2,3,4] have appli,ed

the principles first developed in our studies to other approaches of inducing
prostatic cancer, leading to further insights in the development of prostatic
cancer in experimental animals. In addition, the studies described here have

yielded several new findings regarding the mechanisms of prostatic carcinoge-
nesis, including oncogene activation. A number of side-observations provided
new information on spontaneous and induced pathological changes j,n the rat
male accessory sex glands, and irnportant, new data on the influence of male

sex hormones on the generation of skj.n tumors, that were fortuitously caused

by the procedure to induce prostatic cancer.

The major findings of the investigations, and the major conclusions

reached are summarized and briefly conunented on below. For detailed summaries

and discussions of the results, the reader is referred to the Concluding

Remarks of Chapter I, the abstract and discussion sections of Chapters II-VI,
and the concluding paragraphs of Chapters VII and VIII.
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Environmental factors that were identified as associated with elevated
risk for prostatic cancer in humans were, in decreasing order of probable

importance: (i) living in a Western country and having a Western life-style;
(ii) a high dietary intake of fat, protei,n, €D€rgf, and perhaps vitamin A and

carotenes; (iii) a history of venereal disease; (iv) unknown exposures in
farmers,/farm workers and military personnel; and (v) exposure to (potentially)
carcj.nogenic agents including ionizing radiation (Chapter I). In addition,
rnen with a family history of prostatic cancer and, particularly, United States

Bl-acks have an increased risk, Of the environmental variables, dietary fac-
tors are postulated to to affect the progression of prostatic cancer, and the

other faetors to affect all stages of prostatic carcinogenesis, i.e., initia-
tj.on, promotion and progression, alf in conjunction with endogenous factors
such as genetic make-up and the endocrine system (Chapter I).

In order to create an animal model for prostatic cancer, a procedure v/as

developed to induce prostatic carcinomas in the rat, which was based on the
principle of stinulatj.ng ceI1 replication specifically in the prostate at the

time of exposure to a carcinogen (Chapter II). A substantial incidence of
prostatic carcinomas could only be induced if this carcinogen administration
was followed by long-term treatment with 1ow doses of testosterone (Chapter

VII). Simplification of the induction procedure and a reduction of the

occurrence of tumors at si.tes other than te prostate are needed, as well as

further validation of the model. Nevertheless, this approach for inducing
prostatic cancer has great promise to provide a useful and relevant animal

model for the study of the development of this malignancy. The resulting
carcinomas had a number of characteristics that are desirable for an animal

model for human prostatic cancer (Chapters III and IV): They were metastasiz-
ing adenocarcinomas that developed from a part of the rat prostate ( the dor-
solateral lobe) that is embryologically homologous to the part of the human

prostate where most carcinomas develop. The morphology of the carcinomas,

including ultrastructural features, showed similarities to human prostatic
carcinomas. F\:rthermore, the carcinornas were capable of elevating plasma acid
phosphatase, and suggestive, though not conclusive, evidence was obtained that
they are androgen sensitive. Lastly, preneoplastic and early neoplastic
lesions were found to occur in the rat prostatei sinilarly latent carcinoma of
the prostate occurs in men.
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A high level of ce11 proliferation at the time of carcinogen administra-
tion appeared to be an absolute requirement for the induction of prostatic
carcinomas in the rat prostate by carcinogens; carcinogen exposure without
concomitant stimrlation of ceII replication did not result in prostati.c car-
cinomas (Chapters II and IV). lrlthough this is a commonly found phenomenon in
chernical carcinogenesis at other sites, it was not described previously for
carcinogenesis of the prostate. Also novel- is the developed method of stimu-
lating ce11 proliferation, admi.nistering testosterone after a period of cherni-

cal- castration by treatment with an antiandrogen, cyproterone acetate (Chap-

ters II and VI ) . Prostatic carcinomas were onl,y found in the dorsolateral
prostate, and not in the ventral prostate. DNA slmthesis stimrlation, how-

ever, was similar in these lobes (Chapter VI). Furthermore, the F344 rat
strain had a higher leve1 of DNA synthesis in response to the sequential
treatment with antiandrogen and androgen in both ventral and dorsolatera1
prostate than the wistar WU strain used in most experiments. Yet, carcinomas

of the dorsolateral prostate were only found in the Wistar rats, whereas in
the E344 rats the development of (pre)neoplastic epithelial lesions of the

ventral prostate was enhanced, which did not occur in the Wistar rats (Chapter

v). In addition, the time of carcinogen injection j"n relation to the time of
maximal prostatic DNA slmthesis was not a major factor in determining the
prostati.c carcinoma response, as has been described for other experimental
systems, such as the Liver (Chapter VI). Nevertheless, there were some in-
dications that prostatic epitheliun is most sensitive to a carcinogen insult
during the late Gr-ear1y S-phase of the ceI1 cyc1e, as occurs in the liver.
Erom the above mentioned observations, it was concluded that, in addition to
cel1 replication at the time of carcinogen administration, there are other
critical determinants of prostatic cancer risk in the animal model used. One

of these could be the concentration of circulating testosterone after car-
cinogen treatment ( see below) . Another such critical factor may be the ef-
ficiency of DI.IA repair mechanisms, which may di,ffer between prostate lobes and

may be different in prostatic epithelium in different rat strains.

A number of different carcinogens were capable of inducing prostatic
carcinomas when administered during stimulation of replicative Dl{A synthesis
(Chapter II). This is an important observation in view of the fact that no

specific prostatic carcinogens have been identified in epidemiologic studies,
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and, rather, exposure to a variety of (potential) carcinogenic agents is a

1ikeIy risk factor for human prostatic cancer (Chapter I).

A particularly important finding was that a long-term, but slight eleva-
tion of circulating testosterone 1eveIs markedly enhanced the development of
prostatic carcinomas induced by N-methyl-N-nitrosourea (MNU) by approximately
ten-foId (Chapter VII). Enhancement of carcinogen-induced prostatic cancer by

testosterone is not new, but it was previously found only in experiments that
applied cyclic extreme elevation of plasna testosterone Ievels 12,3), which
has little relevance for the human situation. The enhancing effects of 1ow-

leveL elevation of circulating testosterone described in this Dissertation
lends considerable support for the view that elevated circulating leve1s of
testosterone are associated with increased risk for prostatic cancer in men

(see Chapter I). The mechanism of this enhancing effect of testosterone on

prostatic carcinogenesis remains unknown and forms an exciting new area of
research.

Indications were obtaj,ned that activation of the K-ras oncogene occurs in
a high percentage of MNu-induced prostatic carcinomas, as a transforming point
mltation of that gene was found in B of the 11 carcinomas exanined (Chapter

VIII). The mutation was a G -> A transition in the second position of the
twelfth codon of the K-ras gene. This observation, and the above mentioned
requirement of a high 1evel of replicative DNA slmthesis at the time of MNU

injection for the induction of prostatic carcinomas, strongly suggest that
nispairing of MNU-generated Oo-methylguanine adducts during replicative DI\a

synthesis is the molecular mechanism of the first step of m\U-induced pros-
tatic carcinogenesis in the rat. The K-ras activaticn in UNU-induced rat
prostatic carcinomas is a novel finding, since activation of K-reE has only
been described in mesenchymal tunors induced by methylating carcinogens,
whereas only H-ras activation has been found to occur in epithelial tumors

induced by such carcinogens. High1y interesting was that the K-ras containing
a G -> A mrtation of the 12th codon was also found in 2/2 t$ttJ-induced
neurogenic sarcorrrEls of the dorsoLateral prostate.

Important findings regarding lesions in male accessory sex glands other
than the dorsolateral prostate were as follows. A focal lesion of the seminal
vesicle characterized by a combination of celIular hypertrophy and hlperplasia
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appeared to be induced in high incidence by chemical carcinogens, regardless
of the 1eve1 of cel1 replication in that gland at the time of carcinogen

exposure (Chapters II and IV). There was no evidence that this lesion is
preneoplastic in nature. Focal atypical hyperplasia of the ventral prostate

and hypertrophyTtryperplasia of the seminal vesicl-e were found to be dependent

on androgens for their development (Chapter IV). N-ethy1-N-nitrosourea (EliU),

but not MNU, caused hyperplastic changes in the ampullary gland and coagulat-
ing gIand, and carcinomas in the latter structure (Chapter VI). The mechanism

underlying this dj.fference between MNU and 81.trU is not clear; perhaps dif-
ferences in Dl{A-repair efficiency among various accessory sex glands are

responsible for this. Evaluation of aII information gathered on the occur-
rence of atypical hyperplasia of the ventral prostate in Chapters II-VII,
leads to the conclusion that none of the various treatments studied specifi-
cal1y and consistently induced or enhanced the formation of this lesion that
normally occurs with aging in many if not al1 rat strains (Chapter V). OnIy

in the F344 rat may sequential treatment with antiandrogen, testosterone and

MNU induce ventral prostatic proliferative lesj.ons (Chapter V).

Unexpected and new findings were that the sequential treatment with an-
tiandrogen and testosterone sensitized the skin and its appendages for the

carcinogenic action of MNU, and that the development of tumors of the skin and

its appendages was inhibited by castration after MNU treatment (Chapters IV
and VI). These observations indi.cate that androgen control- of cel1 replica-
tion in the skin plays a rofe in the initiation of skin tumorigenesis, and

they further suggest that androgens are tumor promotors for the skin.

In closing, the research described j.n this Dissertation has brought a

reliable animal model for the study of prostatic carcinogenesis, relevant for
the human situation, within reach. FUrthermore, a key role of replicative DIIIA

synthesis in prostate epithelium during carcinogen exposure for the induction
of prostatic carcinomas in the rat has been identified, as well as the impor-

tance of a long-term, 1ow-1eve1 elevation of circulating testosterone. Final-
ly, suggesti,ve evidence has been obtained that the moLecular mechanism of the

first step in MNU-i,nduced prostatic carci.nogenesis in the rat is the formation
of a single point m:tation in the K-ras oncogene.
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SA}TENVATTING

Prostaatkanker is in Nederland en de meeste andere westerse landen, na 1on9-

kanker, de meest frekwent voorkomende oorzaak van sterfte ten gevolge van

kwaadaardige aandoeningen bij de man. In tegenstelling tot de oorzaak van de

meeste gevallen van longkanker, zijn de oorzaken van prostaatkanker echter

niet bekend. Het wordt vermoed dat omgevingsfaktoren, in de ruimste zin van

het woord, een belangrijke bijdrage leveren aan het ontstaan van prostaatkan-

ker, rnaar veel duidelijkheid hieromtrent is niet aanwezig. voorts was een

hinderpaal bij het onderzoek naar de oorzaken van prostaatkanker het niet
voorhanden zijn van een geschikt diermodel voor deze ziekte. Het onderzoek dat
j.n dit proefschrift is beschreven had tot doel on hierin verandering te bren-
gen. De specifieke doelstell-ingen van het onderzoek waren als volgt:
1. Het schatten, op basis van bestaande informatie, van de bijdrage die

specifieke omgevingsfaktoren zouden kunnen leveren aan het ontstaan van

prostaatkanker bij de mens.

2. Het ontwikkelen van een diermodel dat geschikt is om het ontstaan van

prostaatkanker te bestuderen.

3. Het met behulp van dit diermodel bestuderen van de mechanismen die ten

grondslag liggen aan het ontstaan van prostaatkanker.

In het literatuuronderzoek (Hoofdstuk I) werd een verband met een verhoogd

risiko op het krijgen van prostaatkanker vastgesteld voor de volgende omge-

vingsfaktoren (in afnemende mate van waarschijnlijke belangrijkheid) :

- leven in een westers land volgens een westerse levenswijze;

- een hoge opnane van vet, ej.wit en energie met de voeding (een mogelijk

positief verband tussen prostaatkanker-risiko en de opname van vitamine A

enlof caroteen moet vooralsnog onduidelijk worden geacht);

- geslachtsziekten (in het algemeen) in de voorgeschj.edenis;

- blootstelling aan onbekende faktoren bij agraridrs, agrarische arbeiders en

militair personeel;

- blootstelling aan (mogelijk) kankerverwekkende chemicali6n (in het algemeen)

en wellicht ook ionizerende straling;
- overgewicht (obesitas).

overigens hebben negers in de Verenigde Staten om onbekende redenen het hoog-

ste prostaatkanker-risiko in de wereld, en is het hebben van bloedverwanten
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met prostaatkanker ook een risikofaktor. Het is aannemelijk dat genoemde

voedingsfaktoren met nane een ro1 spelen bij het ontstaan van ingroeiende,
zich uitzaaiende prostaatcarcinomen uit zogenaamde Latente prostaatcarcinomen;
deze latente carcinomen komen zeer frekwent voor bij oudere mannen en hebben

slechts zeer geringe kwaadaardige kenmerken, De overige genoende omgevingsfak-
toren zijn wellicht betrokken bij aIle stadia van het ontstaan van prostaat-
kanker, in samenhang met erfelijke faktoren en hormonale invloeden op de

prostaatklier.

Een methode werd ontwikkeld voor het opwekken van prostaatcarcinomen bij de

rat (Hoofdstuk II). Deze methode was gebaseerd op het gegeven dat in het
algemeen zoogdierweefsels gevoelig zijn voor het opwekken van tumoren door
kankerverwekkende chemische stoffen a1s de celdelingsakti.viteit in het betrof-
fen weefsel hoog is. Normaar is de cerdelingsaktiviteit in de prostaat gering.
Door ratten achtereenvolgens chemisch te castreren (door behandeling gedurened

enige weken met het antiandrogeen cyproteron acetaat) en dan kortdurend (drie
dagen) het mannelijk geslachtshormoon testosteron toe te dienen, werd deze

celdelingsaktiviteit tijdelijk sterk verhoogd (gedurende circa 24 uur). wan-
neer op dat moment een kankerverwekkende chemische verbinding (een carcino-
geen) werd toegediend, ontstonden prostaatcarcinomen. Slechts wanneer deze

behandeling werd gevolgd door chronische toediening van testosteron kreeg een

groot aantal ratten prostaatkanker.

Deze benadering van het opwekken van prostaatkanker bij de rat lijkt een

bruikbaar diermodel voor deze ziekte bij de mens. De opgewekte tumoren hebben

namelijk belangrijke kenmerken gemeen met prostaatkanker bij de mens

(Hoofdstuk III): het waren carcinomen, en we1 van het adeno (k1ier) t1pe, die
zich uitzaaiden. Deze carcinomen gingen uit van een deel van de ratteprostaat
(het dorsolaterale deel) dat vergelijkbaar is met het deel van de menselijke
prostaat waar veruit de meeste prostaatcarcinomen ontstaan. Verder waren het
licht- en het elektronen-mikroskopische beeld van de menselijke en rattecarci-
nomen vergelijkbaar. Bovendien leidde de aanwezigheid van prostaatcarcinomen
bij de rat tot verhoging van het gehalte van een enzym (zure fosfatase) in het
bloed dat ook vaak verhoogd is bij mannen met prostaatkanker. Ook werden

kleine carcinoom-achtige veranderingen in de prostaat van behandelde ratten
gevonden die wellicht vergelijkbaar zijn met de eerder genoende latente carci.-
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nomen en voorstadia daarvan bij de mens. Tenslotte werden aanwijzingen gevon-

den dat de opgewekte carcinomen voor hun vorming deels afhankelijk zijn van

testosteron: in ratten die vier weken na toediening van het carcinogeen na

voorafgaande behandeling met cyproteron acetaat en testosteron propionaat)

chirurgisch werden gecastreerd, werden geen prostaatcarcinomen of voorstadia

daarvan aangetroffen.

Zoals gezegd bleek een hoge celdelingsaktiviteit ten tijde van toediening van

een carcinogeen een voorwaarde voor het opnnrckken van prostaatcarcinomen bij de

rat. Alleen wanneer diL het geval was werden prostaatcarcinomen gevonden na

behandeling meL een carcinogeen. Een hoge celdelingsaktiviteit is echter niet
de enige voorwaarde. Zo bleek namelijk dat deze hoog was in zowel het ventrale
als het dorsolaterale gedeelte van de prostaat, terwijl de carcinonen alleen
opgewekt werden in het dorsolaterafe deel, maar niet in het ventrale
(Hoofdstuk vr). Bovendien bleek dat met de ontwikkelde methode

prostaatcarcinomen konden worden opgewekt in de Wistar-rat naar niet in de

Fischer-rat, ondanks het feit dat de celdelingsaktiviteit in de prostaat

sterker was gestimrleerd in de laatstgenoende rattestam dan in de

eerstgenoende (Hoofdstuk V). Ook bleek dat het tijdstip van toedienen van het

carcinogeen ten opzichte van het tijdstip waarop de celdelingsaktiviteit
maximaal \^ras, niet van zo kritisch belang was a1s dat het geval is in andere

diermodeLlen voor het opmekken van kanker (Hoofdstuk vI). Op basis van deze

waarnemingen werd de konklusie getrokken dat er naast hoge mate van

celdelingsaktiviteit in de prostaat andere faktoren zijn die bepalen of
prostaatkanker zal ontstaan in het ontwikkelde diermodel.

Een van die faktoren zou kunnen zijn het gehalte aan testosteron in het bloed.

Door onderhuids een buisje van Silastic rubber dat gevuld was met testosteron
aan te brengen, bleek het mogelijk het gehalte in het bloed van dit hormoon te

doen stijgen. De grootte van deze stijging hing ondermeer af van de lengte van

het buisje. zulke buisjes werden ingebracht twee weken na toediening van het

carcinogeen. Wanneer de testosteron concentratie in het bloed slechts 2 tot 3

rnaal boven de gemiddelde nornale waarde steeg, bedroeg bleek de tumor op-

brengst bij benadering tienvoudig toe te nemen. Overigens viel dit gestegen

testosteron gehalte binnen de variatie die norrnaal optreedt in onbehandelde

ratten. Een verdere verhoging van het testosterongehalte van het bloed (tot 5

i 9 maal normaal) had slechts een geringe extra toename van de tumoropbrengst
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tot gevolg. Een zeer geringe stijging van het bloedgehalte aan testosteron had

dus een sterke toename van het prostaatkanker-risiko tot gevolg. Deze resulta-
ten ondersteunen recente waarnemingen bij de mens: een groep van jonge negers

in de Verenigde Staten (die een hoog risiko op het krijgen van prostaatkanker
hebben) had een hoger gemiddeld testosterongehalte in het bloed dan een groep

even oude jonge blanke mannen (die een lager prostaatkanker-risiko hebben).

Van drie kankerverwekkende stoffen die chemisch totaal verschilden werd onder-
zocht of zij prostaatkanker konden oprnrekken bij toediening aan ratten met

gestimrleerde celdelingsaktiviteit in de prostaat (Hoofdstuk II). AIle drie
hadden dit effect. Deze bevindi.ng sluit goed aan bij resultaten van bevol-
kingsonderzoek die geen aanwijzingen geven dat er specifieke carcinogenen zijn
die prostaatkanker verwekken, maar suggereren dat blootstelling aan (mogelijk)
kankerverwekkende stoffen in het algemeen het risiko op prostaatkanker verho-
gen (Hoofdstuk I). Het carcinogeen methylnitrosoureum (dat in het laboratorium
wordt gemaakt en niet in het milieu of de voeding voorkomt) bleek het meest

effektj.ef en werd in de meest experimenten gebruikt.

Recent is gebleken dat in kwaadaardige tumorweefsel, afkomstig van patienten
en proefdieren, stukjes DNA (genen) gevonden kunnen worden die veranderd zijn
in vergelijking met normaal weefsel. Deze zogenaande oncogenen kunnen in ce1-
kweken normale cel1en veranderen in kankercellen Itransformatie na transfektie
met tumor DI'trA]. Daarom wordt aangenomen dat deze oncogenen een ro1 spelen bij
het ontstaan van kanker. Er zijn sterke aanwijzingen dat kankerverwekkende

stoffen deze veranderingen in DNA kunnen aanbrengen (aktivatie van oncogenen).

In B van de lL onderzochte door methylnitrosoureum opgewekte prostaatcarcino-
men werd een verandering (punt-mutatie) gevonden waarvan bekend is dat deze

een bepaald stukje DliA (gen) doet veranderen in een aktief oncogen. [Het
betrof hier een zogenaande transitie van een gruanine naar een adenine in de

middelste positie van het twaalfde codon van het X-ras oncogen. I Het aantref-
fen van deze verandering gaf aan dat een bekende "fout" in het DI.IA die veroor-
zaakt wordt door nethylnitrosoureum [de vorming van O6-methylguanine] de

oorzaak was van de aktivatie van het oncogen en mogelijk van het ontstaan van

de prostaatcarcinomen. Het is namelijk bekend dat deze DNA "fout" leidt tot
een inbouwen van een inkorrekt DlrlA-onderdeel [adenine in plaats van guanine]

bij de celdeling IDl.{A-replikatie]. Dit verklaart ook waarom celdeling nodig is
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voor het ontstaan van prostaatkanker tijdens toediening van methylnitrosou-

reum.

Veranderingen in andere mannelijk accessoire geslachtsklieren dan de prostaat

en over de effekten van behandeling met ethylnitrosoureum in plaats van

methylnitrosoureum zijn beschreven in Hoofdstukken II, IV, V en VII. Een

onverwachte maar belangrijke bevinding was dat de behandeling die tot pros-

taatkanker leidde ook resulteerde in de vorming van huidtumoren. Bovendien

bleek dat castratie de vorming van deze huidtumoren kon voorkomen. Deze waar-

nemingen duiden op een invloed van het mannelijk geslachtshormoon '-estosteron

op de vroege en late stadia van het ontstaan van door carcinogenen opgewekte

huidtumoren bij de rat.

Samenvattend kan worden gesteld dat het onderzoek beschreven in deze disserta-
tj.e een diermodel voor het bestuderen van het ontstaan en verloop van pros-

taatkanker binnen handbereik heeft gebracht. Verder werd bij het ontstaan van

prostaatkanker bij de rat een sleutelrol vastgesteld voor zowel celdelingsak-
tiviteit in de prostaat ten tijde van blootstelling aan kankerverwekkende

stoffen als voor de hoeveelheid aan testosteron in het bloed. Tenslotte werden

aanwijzingen gevonden dat het moleculaire mechanisme van de eerste stap in het

ontstaan van prostaatcarcinomen, opgewekt door methylnitrosoureum, een puntmu-

tatie in het K-ras oncogen is.
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